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The Spermatogenesis of Lepisma domestica. 

By 

J. Bronte Gatenby 

and 

B. N. Mukerji. 

From the Zoological School, Trinity College, Dublin. 

With Plate 1 and 1 Text-figure. 


Introduction 

In another paper 1 by the senior writer and Dr. Sylvia 
Wigoder on the post-nnclear granules in spermatogenesis it was 
pointed out that the interpretation of the spermatogenesis of 
Lepisma given by Robert Bowen (2, 3) was probably in¬ 
correct. Recently we have made a number of preparations of the 
Lepisma testis, and in the present paper we have been able 
to show that the spermateleosis of Lepisma is quite like that 
of other arthropods. 

Previous Work. 

The only special investigation of Lepisma previously pub¬ 
lished is that of Harry H. Charlton, who confined himself almost 
entirely to the chromosome cycle. Charlton has, however, given 
some account of the cytoplasmic inclusions, and has paid some 
attention to the final steps in sperm formation. His interpreta¬ 
tion of the Structures in the lengthening sperm is given in Text- 
fig. 1, III. He describes an acrosome in front, as is usual, and 
a larger structure behind the nucleus, which he calls the ‘ middle- 
piece’. Charlton traces the ‘middle-piece anlage’ back into the 
early spermatid. Charlton does not quote the senior author’s 
study on Lepidoptera, published five years before, and has been 

i ‘Proc. Roy. Soo.’, B. v. 104,1929. 
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unable to give a clear account of acrosome formation, or of the 
centrosome. 

More recently Eobert Bowen (2) has re-examined a number 
of Charlton’s preparations, and has proposed a completely now 
interpretation of the parts of this spermatozoon, even suggesting 
that the Lepisma spermatozoon is unique, and of an ‘atypical 
flagellate’ nature. 

In Text-fig. 1, I, the parts marked a, o, are according to 
Bowen the centrosome, and the structure bnb (Charlton’s 
middle-piece) is the acrosome. The sperm-head is thus turned 
around the wrong way if Bowen’s interpretation is correct. No 
other such sperm is known in the a.nima. 1 kingdom. 

In Text-fig. 1, II, is a spermatid of a moth from the figures 
of Bowen, the lettering except for the acrosome (a) being ours. 
In such a sperm the acrosome is in contact, or placed near two 
other bodies, one, the centrosome, from which the flagellum 
takes its origin, the other the ‘ post-nuclear' granule of the 
senior writer. 

Technique. 

The technique was that given in the senior writer’s article in 
the 1 Microtomist’s Vade-Mecum ’. In addition wo used the 
neutral red intra vitam method, but we do not propose to 
describe the vacuolar system in the present paper. This will bo 
done by one of us in a separate article. 1 The vacuolar system 
resembles that of moths, described by Hirschler and the senior 
writer. 


Personal Investigations. 

In fig. 6, PI. 1, is the earliest stage depicted in our diagrams. 
The centrosome has divided into two (o\ c 2 ) and the flagellum is 
already well grown (p). Below the nucleus is the usual mitochon¬ 
drial nebenkem (nk), and at gb are the two Golgi dements or 
discs.. On the left side of the nucleus are two bodies, the larger 
spherical one being the chromatoid body, the smaller, elongate, 
oftenspmdie-shaped one being the post-nuclear body, Charlton’s 
middle-piece anlage ’. The acrosome is yet un forme d . 

the next stage, fig. 5, PL 1, the aeroblasts (Golgi bodies) 

1 ‘Jour. Eoy. Micr. Soc.’, March 1929. 
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are in situ (ga), while the post-nuclear body has visibly 
swollen. The nebenkern has become more chromophile, and the 
chromatoid body hovers near. 

In fig. 3, PI. 3, is a cell from the same nest, the nebenkern 



not being in sight. The post-nuclear body has become applied 
to one side of the nucleus (pnb), the other side showing a minute 
granule (really the centrosome and tip of the flagellum), and the 
Golgi body, one alone shown. 

Now in the next stage, a good deal later, given in fig. 1, 
PI. 1, the acrosome, a, has been formed and is in situ, the 
post-nuclear body is firmly fixed to the ovoid nucleus, and a 
peculiar sort of funnel (pnf) has appeared behind the post- 
nuclear granule. Running obliquely across this is the flagellum 
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(f) which passes forwards, behind the nucleus, and is found to 
pass up to the region of the acrosome. This is shown in iig. 7, 
PI. 1. The peculiar post-nuclear funnel is shown in figs. I, 2, 
4, and 5, PI. 1, and is indicated by Bowen in his fig. 107. In 
fig. 4, PL 1, the spermatid at about the same stage slmwH in 
front of the nucleus, two bodies, one very small and intensely 
staining—namely the centrosome, the other the acrosome; 
the tail with the peculiar mitochondrial blebs, passed back at 
m, as is also shown in fig. 7, PI. 1. 

In Bowen’s figs. 110-18 further stages in spermateleosis aro 
shown, and need not be repeated here. It should be remembered 
that the centrosome still lies near the head end of the nucleus, 
but behind the thread-like acrosome, while the structure marked 
acrosome (a) in Bowen’s figures is the post-nuclear body, or if 
one wishes to use Charlton’s nomenclature, the ‘ middle-pirn* \ 

Discussion. 

The spermatogenesis of Lepisma follows the usual 
arthropod lines, except that the post-nuclear body is larger than 
is usual. Charlton’s account of the ripening spermatozoon is 
quite correct except for the fact that he has lost the centrosome. 

Text-fig. 1,1, II, and III, sufficiently explain tho views of 
Charlton and the present writers. It is suggested that tho term 
‘ middle-piece ’ should not be used for the post-nuclear granules, 
because the latter is not the same thing as the middle-piece of 
the mammalian spermatozoon. 

Bowen appears also to have misinterpreted Goldsmith’s quite 
correct observations on coleopterous spermatogenosis. The 
matter is at present being investigated in this laboratory, bill, 
as pointed out previously, 1 the middle-piece of Goldsmith's 
forms is not chromatinic, as Bowen has suggested, but is, as 
Charlton states, the exact homologue of the middle-piece of 
Lepisma—namely the post-nuclear granule. 

Trinity College, Dublin, 

October 1928. 

1 ‘ Proc. Roy. Soo.’, B. v. 104,1929. 
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EXPLANATION OP PLATE 1. 

Lettering. 

a, acrosome; c, centrosome; cb, chromatoid body; F, flagellum ; 
GB, Golgi body; gr, Golgi remnant; N, nucleus; nk, nebenkern; M, mito¬ 
chondrial ; pnb, post-nuclear body; pnf, post-nuclear funnel; v, vacuolar 
system. Technique : F.w.a., iron haematoxylin. 

Figs. 1-7.—Spermatids of various ages. 
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Studies in the Origin of Yolk. 

III. Oogenesis of the Firefly, 
Luciola gorhami. 

By 

r 

Yishwa Nath, M.Sc., Ph.D. (Cantab.), 

and 

Dev Raj Mehta, M.Sc. 

Department of Zoology, Government College, University of the 
Punjab, Lahore. 


With 16 Text-figures. 


In the first two papers of this series 1 one of ns has shown, 
by studying both fixed and fresh preparations stained with 
vital dyes, that the Golgi elements in the youngest oocytes 
of the spider and Scolopendra consist of vacuoles which, 
after treatment with various fixatives, do not show any coagu- 
lum inside their interior, indicating that their contents are 
watery and non-fatty. When the oocyte begins to enlarge, the 
majority of these vacuoles, by a process of growth and deposition 
inside their interior of colloids in the form of free fat not miscible 
with the general cytoplasm, give rise to fatty yolk-vacuoles, 
which henceforward show a distinct black coagulum inside their 
interior after treatment with osmic acid. By this process the 
refractive index of the Golgi vacuoles is considerably raised, and 
it becomes increasingly easier to study them in fresh prepara¬ 
tions. In the case of the firefly, Luciola gorhami, however, 
which forms the subject of the present paper, we observed the 
remarkable thing that the Golgi vacuoles of the female primor¬ 
dial germ-cells contain free fat as proved by their blackening in 
2 per cent, osmic acid in ten minutes. When the oocyte is 
1 ‘Quart. Jour. Mior. Sei.’, vol. 72, Parts II and HI. 
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differentiated and begins to enlarge many of these vacuoles grow 
in size and give rise to fatty yolk-vacuoles. Luciola, there¬ 
fore, is a very valuable material for the demonstration of the 
origin of the fatty yolk-vacuoles from the Golgi vacuoles, inas¬ 
much as the latter are fatty from the very beginning. 

The technique used is mentioned in the explanatory notes on 


Text-fig. 1. 



Youngest oocyte. The surrounding follicle cells have not been shown. 
Mann-Kopsch stained with acid fuchsin. X 1,120. 


Explanation of Lettering. 

A.Y., albuminous yolk; 0., cytoplasm ; F.C., follicle cells; F.E., 
follicular epithelium; G.V., Golgi vacuole; G.V', Golgi vacuole 
looking solid on account of osmication; M., mitochondria; 
M', egg membrane; N., nucleus ; N% nucleolus; N", secondary 
nucleoli; N.F., nucleus of the follicle cell; 0., oocyte. 


the figures and also in the text. In addition to this routine 
technique one of us (V. N.) has used the vital dyes neutral red 
and Janus green B, as also the technique described below. While 
these dyes brought out most satisfactorily the Golgi vacuoles 
and the mitochondria in the primordial germ-cells, they totally 
failed to show these inclusions in the oocytes for the following 
reason. When the oocyte differentiates it is surrounded on all 
sides by a large number of follicle cells which do not allow a 
sufficient amount of light to pass through the follicle to enable 
one to see the inclusions in the oocyte as stained with, neutral 
red or Janus green B. By the time most of the follicle cells are 
used up by the oocyte for nourishment and the remaining ones 
form a thin follicular epithelium round it, albuminous yolk 
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appears in the oocyte and makes it opaque. Another technique, 
therefore, had to be used. The ovary is kept in 2 per cent, osmic 
for about ten minutes and is then studied in a drop of water 
under the microscope. Both the Golgi vacuoleB and the fatty 


Text-fig. 4. 



K Ay 

Text-figs. 4 and 5. Still more advanced oocytes. The follicle cells 
are now arranged in a single-layered epithelium whose details have 
been omitted. Albuminous yolk is beginning to appear. Mann- 
Eopsch stained. Text-fig. 4 magnified 420 times, and Text-fig. 5 
magnified 360 times. 


yolk-vacuoles are blackened by the 0s0 4 , but not so much as 
to make them look solid as they do after prolonged treatment 
with this acid. During this short period the vacuoles become 
slightly black, with the result that each vacuole shows a black 
chromophilic rim and a central clear Bubstance. This method 
proved highly satisfactory, and brought out the vacuoles in all 
stages of oogenesis. As was expected it failed to show the mito¬ 
chondria. This technique cannot be strictly called ‘ vital ’, but 
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it comes very near it as the amount of the coagulation of th< 
protoplasm is very small, and there is hardly any possibility o 
an artifact being introduced. Experience has shown us tha 
osmie acid used for a few minutes is the best fixative known 
All the diagrams have been drawn by Vishwa Nath. 
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It is a great pleasure to us to thank Colonel S. B. Christophers, 
F.B.S., Director of the Central Besearch Institute, Kasauli, for 
giving us all facilities for this work in his laboratory in the sum¬ 
mer of 1926, and to the authorities of the Indian Museum for 
supplying us with, the necessary literature. 


Text-jtg. 6. 



A portion of the most highly advanced ovarian oocyte. The follicular 
epithelium has disappeared and the egg membrane has appeared. 
Champy-Kull unstained. x500. 


Observations. 

The ovary is kept in 2 per cent, osmic acid for about ten 
minutes, mounted in a drop of water on a slide, covered with 
a cover-slip, and studied under the $ objective. Text-figs. 12-16 
are drawn from such a material. Text-fig. 16 represents the 
greater portion of the sac containing the primordial germ-cells. 
The nuclei of these germ-cells appear distinctly, but the cell 
boundaries cannot be made out. In the spaces between the 
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nuclei one can see distinct vacuoles with a rim gone black due to 
osmication and a clear central substance. These are the Golgi 
vacuoles. If, however, the ovary is kept in 2 per cent, osmic 
acid for more than half an hour, these vacuoles are blackened 


Text-jig. 7. 



A portion of an oooyte younger than that represented in Text- 
fig. 6. Champy-Kull stained with acid f uohsin. X 500. 


considerably and then appear solid. Such quick blackening of 
these vacuoles in osmic acid unmistakably shows that their 
contents are fatty. The number of these vacuoles is about three 
or four in each cell, as can be determined more accurately by the 
study of fixed preparations, and they are not closely aggregated 
in each cell. In chrome-osmium and Mann-Kopsch preparations 
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they appear solid and black, but they can be easily decolorized 
•with xylol or turpentine, after which they appear as clear 
vacuoles. With Janus green B or neutral red, in which tho 
ovary is kept for about fifteen minutes, they appear as clear 



vacuoles, and the mitochondria are stained green or red accord¬ 
ing to the vital dye used but they are much more distinct after 
treatment with Janus green B. For reasons already explained 
these vital dyes fail to show either the mitochondria or the Golgi 
vacuoles in the oocytes. "When the oocyte is differentiated from 
the follicle cells 2 per cent, osmid-is the only reagent which shows 
the Golgi vacuoles in fresh preparations. 
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In Text-fig. 12 the oocyte has differentiated from the sur¬ 
rounding follicle cells. The Golgi vacuoles are found at the peri¬ 
phery of the cytoplasm of the oocyte. Why these vacuoles are 
present only at the periphery we are unable to explain. We are, 
however, certain that this peripheral distribution is a constant 
feature of the oocytes of this age. In Text-fig. 18 the oocyte has 
grown in size, and the Golgi vacuoles have increased and are 
uniformly distributed throughout the cytoplasm. The nubleoli 
have become prominent and are shown at N". They appear 
solid and colourless or very slightly brownish. Although the 
nuclear membrane cannot be made out the size of the nucleus 
can be more or less determined by the clear space round the 
group of nucleoli. Text-fig. 14 represents an older oocyte. The 
albuminous yolk has begun to be deposited and appears as 
colourless or very slightly brownish, solid, and homogeneous 
discs. The Golgi vacuoles have increased in number and are 
distributed uniformly throughout the cytoplasm. They show a 
very distinct black rim and a clear interior, and are thus very 
easily distinguished from the albuminous yolk. The nucleoli are 
increasing in number and the nucleus is represented by a clear 
. space round them. After the stage represented in Text-fig. 14 
1 the oocyte is quickly packed with albuminous yolk, which makes 
it very opaque and unfit for study in whole mounts. When such 
an oocyte is treated with 2 per cent, osmic for a short time, it 
becomes dark and unfit for study unless sections are cut. If, 
however, it is ruptured by a needle its contents which flow out 
can be studied with remarkable ease. Text-fig. 15 represents a 
fragment of an osmicated and highly developed oocyte which 
has been ruptured with a needle. The albuminous yolk appears 
as colourless, solid, and homogeneous discs, while the Golgi 
vacuoles of different sizes are blackened with 0s0 4 and occupy 
the spaces between the yolk-discs. 

Text-figs. 1-5 are stained Mann-Kopsch preparations. Text- 
fig. 1 represents the youngest oocyte that we have been able to 
obtain. At G.V' are the Golgi vacuoles that look solid on account 
of osmication. In Text-figs. 2 and 8 the vacuoles have increased 
in number and have been decolorized by xylol. In Text-fig, 4, 
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Text-figs. 9, 10, and 11. 



JUG- 11- 


Young oocytes showing Golgi vacuoles and mitochondria. Champy-Kull 
and iron haematoxylin. Text-figs. 9 and 10 x 500, 11 x420. 

which is a more advanced oocyte than that represented in Text- 
fig. 3, most of the Golgi elements look solid on account of osmica- 
tion, but some of them shown at G.V. are decolorized by xylol 
and appear as clear vacuoles. In Text-fig. 5, which is a still more 
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advanced oocyte, many Golgi elements have swollen up. Most 
of thetn look solid and black on account of osmication. Never¬ 
theless, xylol has decolorized some, e.g. at G.V. Experience 
with a large number of different eggs shows that xylol or tur¬ 
pentine does not decolorize all the osmicated fatty bodies at the 
same rate. Probably this is connected with the amount of free 
fat present inside these vacuoles, and the degree of coagulation 
that it undergoes in osmic acid. In all these preparations 
(Text-figs. 1-5) the mitochondria cannot be seen because it is 
very difficult to stain them after keeping the ovary in 2 per cent, 
osmic acid for from fourteen days to three weeks. Text-figs. 9-11 
are chrome-osmium preparations stained with iron-alum haema- 
toxylin. In all these preparations the osmicated Golgi elements 
have been decolorized by xylol and appear as clear vacuoles. 
Naturally enough, xylol will decolorize much more rapidly the 
osmicated Golgi vacuoles of oocytes fixed in chrome-osmium 
than the vacuoles of those oocytes fixed in Mann-Kopsch. In 
the former technique the tissue is exposed to osmic acid for 
about twenty-four hours, whereas in the latter the tissue is kept 
in the acid for from fourteen days to three weeks. In these 
preparations the mitochondria appear as small granules very 
sharply stained wi^- haematoxylin, whereas the general cyto¬ 
plasm is of a much lighter colour. Text-fig. 7 represents a por¬ 
tion of an advanced oocyte fixed according to the Champy-Kull 
method and stained with acid fuchsin. The osmicated Golgi 
elemonts have been decolorized by xylol and appear as clear 
vacuoles of different sizes. The mitochondria are strongly fuchsi- 
nophil and are uniformly distributed throughout the cytoplasm. 
Text-fig. 6 represents a portion of a most highly developed 
unstained ovarian oocyte prepared according to the Champy- 
Kull technique. The Golgi vacuoles are osmicated and are not 
decolorized by xylol as the Blide is passed quickly through 
it, whereas the albuminous yolk-discs are yellowish in colour. 

In the above account we have deliberately avoided the words 
fatty yolk for obvious reasons. In the.eggs of spiders and 
Scolopendra the Golgi vacuoles of the youngest oocyte con¬ 
tain a watery non-fatty substance. By a process of growth and 

NO. 289 0 
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deposition inside them of free fat they give rise to the fatty yolk- 
vacuoles. As soon as free fat appears in the Golgi vacuoles they 
are called fatty yolk-vacuoles. But in the case of Luciola, 
free fat is present in the Golgi vacuoles of even the undif¬ 
ferentiated germ-cells, so that it is impossible to determine at 

Text-figs. 12-16. These are drawn from fresh material kept in 
2 per cent, osmic for about ten minutes. 


Text-fig. 12. 



what stage of swelling a Golgi vacuole may be called a fatty 
yolk-vacuole. To avoid this confusion we have called these 
vacuoles the Golgi vacuoles irrespective of their size. It is highly 
probable that the big vacuoles will be used as nourishment 
during embryogeny; but it is impossible to be certain about this 
unless we study the segmentation of the fertilized egg. 

The behaviour of the oocyte nucleolus is remarkable. In the 
primordial germ-cells the nucleolus is a small basophil body; but 
as soon as the oocyte is differentiated from the follicle cells it 
breaks up into a number of smaller basophil pieces which lie 
closely aggregated (Text-figs. 1 and 9). Indeed, this is the first 
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sign of the differentiation of the future oocyte. Gradually these 
basophil nucleolar pieces move apart, and they are then seen 
to be embedded in an acidophil ground-substance of plastin 
(Text-figs. 2 and 10). The whole nucleolus, therefore, is am- 
phophil at this stage with an acidophil ground-substance em¬ 
bedded in which are round basophil bodies of different sizes. 


Text-fiq. 13. 



Some of these bigger basophil bodies again become amphophil 
in exactly the same way as the original nucleolus did (Text- 
figs. 8,4, and 7). The plastin ground-substance of the nucleolus 
goes on growing (Text-figs. 2,8,4,5,10, and 11) till it completely 
occupies the whole Bpace within the nuclear membrane (Text- 
fig. 7). At the stage represented in Text-fig. 4 the basophil round 
nucleolar bodies begin to migrate into the cytoplasm of the 
oocyte and directly give rise to the albuminous yolk. La Text- 
fig. 5 this process has proceeded a little farther, and in Text- 
fig. 7 it has reached an advanced stage. There seems to be little 

o 2 
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doubt that the nucleolar extrusions pierce the nuclear mem¬ 
brane as whole bodies. In the cytoplasm the nucleolar extru¬ 
sions do not divide further but simply grow in size. The amount 
of albuminous yolk in a fully developed oocyte is very large 
(Text-fig. 6), but the nucleolar bodies are also numerous 
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(Text-figs. 6 and 7) and there can be no doubt that they give 
rise to this type of yolk. Besides the nucleolar activity syn¬ 
chronizes with the appearance of yolk, and the histochemical 
reactions of both types of bodies are exactly similar. Further, 
it is noteworthy that the migration of the nucleoli into the cyto¬ 
plasm does not stop with the appearance of albuminous y$lk 
as it does in Lithobus (Nath, 1924) and Buthus and 


Text-mo. 15. 



A fragment of a highly advanced oocyte showing albuminous yolk 
and Golgi vacuoles. 

Euscorpius (Nath, 1925), but continues till the oocyte is 
fully grown. 

We have sometimes observed a phenomenon in fixed prepara¬ 
tions, namely, that at about the stage represented in Text-fig. 
14 the albuminous yolk is arranged mostly at the periphery of 
the oocyte. At first we thought that this migration towards the 
periphery is real, and is undertaken with a view to derive 
nourishment for growth from the follicle cells. But an extensive 
study of fresh oocytes has convinced one of us that this peri¬ 
pheral position of the yolk-discs is really an artifact. How 
exactly this artifact comes about we cannot definitely explain. 
Possibly when the ovaries are placed in the fixatives most of the 
yolk-discs are carried towards the peripheral cytoplasm along 
with the diff usion currents that might be caused by the fixatives. 
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Experiments with the centrifuge gave us very satisfactory 
results. Text-fig. 8 represents an advanced centrifuged oocyte 
fixed with Mann-Kopsch and stained with acid fuchsin. At the 


Text-itg. 16. 



lower pole are the heavy albuminous yolk-discs that are strongly 
fuchsinophil and at the opposite pole are the osmicated Golgi 
vacuoles of all sizes. The central area consists of granular mito« 
chondria that did not stain very strongly, and also cont ains 
the nucleus which is always slightly pushed into the pole of the 
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Golgi vacuoles. It will be observed that a few osmieated Golgi 
vacuoles are present in the pole of the albuminous yolk, but 
this is due to mechanical causes inasmuch as they are caught 
between the big yolk-discs. t 

Discussion. 

With regard to the origin of fatty yolk-vacuoles from the 
Golgi vacuoles we do not wish to say more except emphasize 
the very important fact that in L u c i o 1 a the Golgi vacuoles of 
even the undifferentiated germ-cells contain a colloid in the 
form of free fat inside them, whereas the Golgi vacuoles of the 
youngest oocytes of the spider and Scolopendra contain a 
watery non-fatty substance. In the latter cases these vacuoles 
by a process of growth and deposition of free fat inside them 
give rise to fatty yolk-vacuoles. In Luciola, however, the 
Golgi vacuoles simply grow in size and give rise to the fatty yolk- 
vacuoles. It is likely that in this process of growth more and 
more free fat is deposited in their interior. 

The process of the origin of albuminous yolk from nucleolar 
extrusions is reminiscent of what has been described in the 
cockroach by Hogben (1920) and inSaccocirrusby Gatenby 
(1922). Nucleolar extrusions preceding the appearance of 
albuminous yolk have been described by one of us in Litho- 
b.ius (1924) and Buthus and Euscorpius (1925), and by 
various other writers both in vertebrates and invertebrates. 
But in Luciola it is noteworthy that the process of nucleolar 
budding lasts practically throughout oogenesis, and the process 
of the growth of nucleolar extrusions into the albuminous yolk- 
spheres can be studied with diagrammatic clearness. 

Summary. 

1. Both fresh and fixed eggs have been studied. 

2. A remarkable phenomenon has been discovered in 
Luciola: that the Golgi elements which are in the form of 
vacuoles contain free fat even in the undifferentiated germ-cells. 

8. The Golgi vacuoles containing free fat swell up in the 
oocytes and give rise to fatty yolk-vacuoles. 
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4. In the youngest oocyte the nucleolus is amphophil, con* 
sisting of deeply basophil round bodies, the nucleoli, embedded 
in an acidophil ground-substance. 

5. The plastin ground-substance of the nucleolus grows and 
entirely fills up the whole space within the nuclear membrane. 

6. The nucleoli multiply rapidly, migrate into the cytoplasm, 
and directly give rise to albuminous yolk. 

7. Nucleolar budding lasts throughout oogenesis. 

8. The mitochondria are granular and remain so throughout 
oogenesis. 
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I. Introduction. 

The genital ducts and their associated accessory organs in 
insects have not yet been given the attention their morpho¬ 
logical and phylogenetic interest merits. One finds in the exten¬ 
sive literature on the reproductive system that these organs have 
to a large extent received only incidental notice, the gonads and 
the external genitalia having claimed all the attention. Con¬ 
sequently it is not surprising that many details of their morpho¬ 
logy are obscure on matters of dispute—as indeed a somewhat 
confused terminology testifies—and that the more interesting 
field of their phylogeny has scarcely been touched upon. While 
hardly any one doubts the monophyletic origin of insects, a 
hypothetical ancestral condition of the genital ducts and asso¬ 
ciated organs from which the diverse conditions existing in 
present-day forms can be derived still remains to be deduced. 
In the female this subject seems to entail a consideration of the 
following main problems : (1) significance of the mesodermal 
oviducts with respect to the gonopore or gonopores j (2) origin 
(azygous or paired, segmental position, &c.) and evolution of the 
ectodermal common oviduct; (8) origin and evolution of the 
accessory genital organs such as the spermatheca, accessory 
glands, &c.; and (4) the relations of the internal genital ducts 
to one another and to the external genitalia. The elucidation 
of these problems appears to me to depend largely on the evi¬ 
dence derivable from ontogeny. Suqh evidence is as yet very 
scanty as only a few detailed studies have been made on the 
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development of the organs in question. And it is noteworthy 
that these are devoted almost exclusively to the higher orders 
of insects, little or no work having been carried out on the 
phylogenetically ancient Orthoptera, Dermaptera, Isoptera, 
Plecoptera, Ephemerida, and Thysanura, which may 
reasonably be expected to yield valuable evidence. It has there¬ 
fore seemed worth while to undertake ontogenetic studies on 
the genital duct system of some of these neglected insects. The 
present paper embodies my observations on the female of the 
Orthoptera Locustana pardalina Walk., Colemania, 
sphenarioides Bolivar (Locustidae, olim Acridiidae), Blat- 
tella germanica L. (Blattidae), and the Dermapteron 
Eorficula auricularia L. (Eorficulidae). The genitalia are 
also considered because of their intimate relation with certain 
of the genital invaginations and because a reinterpretation of 
their homology is indicated. A second paper to follow shortly 
will be devoted to the male genitalia and genital duct system 
of the same insects. A study of Thysanura (Maehilidae and 
Lepismidae) has been commenced and it is hoped to deal with 
their genital organs in the near future. 

II. Historical. 

(a) Genitalia. 

The earliest morphological interpretation of the female geni¬ 
talia was that of Lacaze-Duthiers (1849-58), who considered the 
gonapophyses to be modified dorsal and ventral pieces of the 
ninth abdominal segment. First opposed by Weismann (1866), 
this view yielded place to the hypothesis that the gonapophyses 
represented modified ventral abdominal appendages homo- 
dynamous with the legs (Ganin, 1869; Packard, 1871; U1- 
janin, 1872; Kraepelin, 1878 ; Dewitz, 1875 ; Huxley, 1877; 
Oholodokowsky, 1891). Dewitz found that in Locusta 
(Phasgonura) the valves of the ovipositor could be traced in 
the first instance to a pair of ‘ buds ’ on the eighth and ninth 
abdominal segments in the late embryo, the pair on the ninth 
giving rise in the nymph to a pair of outgrowths on their inner 
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margins. However, the ontogenetic evidence was not satis¬ 
factory until Wheeler (1898) showed in another Orthopteron, 
Xiphidium, that the 4 buds ’ on the eighth and the outer 
4 buds ’ on the ninth originated from the early embryonic limb 
rudiments which were known to be homodynamous with the 
leg rudiments on the thorax. Nevertheless Grassi (1888), Haase 
(1889), Peytoureau (1895), on comparative anatomical grounds, 
and Heymons (1895-9), on ontogenetic evidence, considered 
that the gonapophyses represented specially developed struc- 
.tures which could not be referred to former limbs. Heymons 
found that the embryonic limb rudiments give rise to the styli. 
Verhoeff, in a series of papers (1895-8), adduced additional 
evidence in support of the appendicular origin of the gona¬ 
pophyses, criticized Heymons’s interpretations, and pointed out 
that the abdominal styli are serially homologous with the' styli 
present on the legs of Machilidae and that these styli represent 
secondary coxal appendages. Building on the appendicular 
hypothesis, Verhoeff (1902) developed an interpretation of the 
genital segments and the gonapophyses which has been accepted 
by the majority of entomologists with but slight modifications, 
e.g. Bomer (1904), Escherich (1905), Crampton (1917-25), 
Walker (1918, 1922), Bekker (1925), and others. According to 
Verhoeff the lateral divisions of the eighth and ninth sternal 
plates in Machilidae (Thysanura) represent flattened leg 
coxae, the gonocoxites, whereas the ovipositor lobes bome 
mesally by these structures, a pair each by the eighth and ninth 
gonocoxites, represent modified distal leg segments or telo- 
podites (endopodites). In pterygote insects Verhoeff considers 
the anterior ovipositor valves of the eighth segment and the 
inner valves of the ninth to be serially homologous structures 
and to correspond to the telopodites of Thysanura; the 
lateral ovipositor valves of the ninth segment he homologizes 
as gonocoxites. While a few authors still subscribe to Hey¬ 
mons’s views, e.g. van der Weele (1906), Chopard (1920), 
Hirschler (1924-7), Ludwig (1926), they do not produce evidence 
to challenge Verhoeff’sinterpretations. Nor does Tillyard (1926), 
who partially inclines to Heymons in that he regards the anterior 
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and inner ovipositor valves to be specially developed structures 
while believing the lateral valves to represent gonoooxites. 

(b) Genital Ducts. 

Previous to the work of Nusbaum (1882, 1884), observations 
on the development .of the genital ducts and their accessory 
organs were few and imperfect, for, apart from the early work 
of Herold (1915) and Suckow (1928), these organs were but 
summarily dealt with in developmental studies, e.g. Weismann 
(1864,1866), Bessels (1867), Ganin (1869), and others. According 
to Nusbaum, in Lipeurus and Goniocotes (Mallo- 
phaga) and in Blatta (Orthoptera), two cords stretching 
posteriorly from the young gonads give rise to the paired ovi¬ 
ducts, the rest of the genital duct system (uterus, vagina, recep- 
taeulum seminis, and accessory glands) arising from the hypo- 
derm. And as this worker found these hypodermal organs to 
originate from paired rudiments, he concluded that their un¬ 
paired condition in the adult is secondary. Almost at the same 
time Palmen (1884) showed that a common oviduct of hypo- 
dermal derivation is absent inEphemerida, the paired meso¬ 
dermal oviducts opening separately in the adult in the inter- 
segmental membrane between sterna 7 and 8. Further com¬ 
parative anatomical considerations led Palmen to conclude that 
the paired openings of the oviducts behind the seventh sternum 
represent a primitive condition from which, bytjte addition of 
an unpaired terminal ectodermal portion, the "efferent system 
of some other insects was derived. Jackson (1890) inYanessa 
(Lepidoptera) found the rudiments of the paired oviducts to 
terminate in the seventh segment in the larva, thus representing 
an ‘ Ephemeridal ’ stage, and the common oviduct and the 
accessory organs to develop later from the hypoderm. Accord¬ 
ing to this worker the common oviduct is of unpaired origin, 
being derived from a ventral furrow on the eighth sternum, 
which becomes tubular anteriorly, and a similar furrow on the 
ninth in continuation with it, the lips of the furrow fusing 
ventrally and becoming tubular. Bilobed invaginations from 
the eighth and ninth sterna, from the roof of the furrows, give 
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rise the one to the bursa oopulatrix and receptaculum seminis, 
the other to the sebaceous glands. Verson and Bisson (1896) in 
Bombyx (Lepidoptera), ■while differing from Jackson in 
describing the details of development, confirm his main con¬ 
clusions. In Orthoptera, Heymons (1891) in Phyllodromia 
and Wheeler (1898) in Xiphidium showed conclusively that 
the paired oviducts are of mesodermal origin and that they 
terminate on the posterior margin of the seventh sternum. 
Wheeler further showed that the posterior ends of the oviducts 
are dilated into ampullae with a definite lumen, a persisting 
remnant of the coelomic cavity. Heymons’s later and more 
extensive studies in Orthoptera (1895 a) confirmed these facts 
in an indubitable manner. Heymons and Wheeler further de¬ 
scribe an invagination originating between the seventh and 
eighth sterna in the embryo, the ' vaginal ’ invagination, and 
challenge Nusbaum’s idea of a paired origin of this structure. 
The first comprehensive treatment of the genital ducts and their 
accessory organs is due to Berlese (1909), whose disoussion, 
although somewhat speculative and based largely on compara¬ 
tive anatomical data, often inaccurate, is none the less valuable. 
As regards the gonopore, Berlese states that it is not possible 
to deduce a co mm on type for insects. He recognizes, however, 
a tendency for the gonopore to be more posteriorly placed in 
the higher insects (on the ninth stemite in Coleoptera, Hetero- 
ptera, and Diptera), and believes that its location on the eighth 
sternum in Orthoptera tends towards a primitive condition ex¬ 
hibited in the embryo of Coleoptera, where an invagination 
exists between sterna 7 and 8. With Briiel (1897) the paired 
oviducts are erroneously regarded to be of ectodermal origin ; 
these ducts are further stated to fuse posteriorly to form an un¬ 
paired duct. Three genital invaginations from sterna 7, 8, and 
9 may furnish the remainder of the unpaired common oviduct, 
the eighth becoming confluent with the seventh, whose opening 
to the exterior closes down (Orthoptera), and the ninth with the 
eighth, its opening closing (Coleoptera, &e.), the common duct 
thus formed by the confluence of the invaginations jo ining the 
unpaired portion of the paired oviducts. Accessory diverticulae 
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from these invaginations give rise to the spermatheca and 
various accessory glands, and, as their number and origin varies, 
these structures cannot be homologized in the different groups 
even if they have a similar function. Christophers (1928) and 
Christophers and Barraud (1926) have made a valuable contri¬ 
bution to our knowledge of the development of the genital ducts 
in Diptera. These workers show that the genital cavity is 
morphologically different from the common oviduct. The latter 
originates as an invagination from the hinder part of the eighth 
sternum and grows anteriorly to the seventh sternum, where it 
is joined by the mesodermal oviducts. Between sterna 8 and 9 
or within the eighth, the spermathecal invagination originates 
as an independent invagination posterior to the common oviduct. 
A third invagination from the ninth sternum, the ‘ caecus ’ gives 
rise to the accessory glands (mucus gland in Mosquito, collateral 
gland inPhlebotomus). By approximation these originally 
separate invaginations come to open later into a common 
genital infolding, the genital atrium. Singh-Pruthi (1924 c), 
working on Tenebrio (Coleoptera), finds that in this group 
also the mesodermal paired oviducts end on the seventh ster¬ 
num. Further, that the ‘ uterus ’ originates as an unpaired 
hypodermal invagination from the hind-margin of the eighth 
sternum, the spermatheca and accessory gland from an in¬ 
vagination behind the ninth. The ‘ uterus ’ invagination later 
becomes confluent with the spermathecal invagination. Singh- 
Pruthi concludes that the spermatheca primitively opens behind 
the ninth sternum in insects, the ‘ uterus ’ on the eighth. 
Although finding the 1 uterus ’ invagination to be impaired from 
the beginning, he takes it to correspond to the paired ectodermal 
ejaculatory ducts, the existence of which he postulates in the 
male of Homoptera (1924 a) and Coleoptera (1924 b), and to 
represent two coalesced ducts. Becently George 1 has again 
fully treated the genital ducts and accessory organs. Working 
on Philaenus (Homoptera) and Agrion (Zygoptera), and 

1 Dr. 0. J. George has courteously allowed me to refer to the manuscript 
of his paper, which has since been published in ‘Quart. Joum. Micr. Sei.’, 
vol. 72, pp. 447-85. 
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reviewing earlier work, this author arrives at an interpretation 
of the morphology of the internal genital structures which 
differs from that of Singh-Pruthi in several respects. He finds 
that there is little or no evidence for a paired origin of the com¬ 
mon oviduct and suggests that in some insects it opened primi¬ 
tively behind the seventh sternum, a condition exhibited by 
some adult insects and during development by Homoptera. 
With Berlese he recognizes a tendency to shift the gonopore 
posteriorly. According to George, however, the first evolu¬ 
tionary stage is the formation of a groove from the seventh to 
the eighth sternum which closes and becomes tubular, the 
gonopore being located oh the eighth sternum, e. g. Homoptera. 
A further stage is furnished by a groove from the eighth to the 
ninth sternum which becomes tubular and results in the oviducal 
opening being placed on the ninth (Lepidoptera). In Zygoptora 
George finds no evidence that the common oviduct opened 
primitively between sterna 7 and 8, this organ being derived 
partly from an invagination from the eighth sternum (which is 
later extended on to the ninth), and partly from the mesodermal 
oviducts. The evolutionary history of the accessory structures, 
e.g. spermatheca, &e., is left an open question by George, who, 
however, inclines to Berlese’s view that they may be developed 
from invaginations from the seventh, eighth, and ninth sterna. 

III. Material and Methods. 

The nymphal and adult stages of Locustana pardalina, 
Blattella germanica, and Porficula auricularia 
were obtained by breeding these insects in the laboratory. 
Colemania sphenarioides and additional material of 
Locustana were collected in the field. Comparative studies 
were made on nymphs and adults ofXiphidionsp. (Tetti- 
goniidae), Gryllus domesticus L.(Gryllidae), Dixippus 
m o r o s u s Br. (Phasmidae), adults of M a n t i s s p. (Mantidae), 
Periplaneta americana, and Blatta orientalis L. 
(Blattidae), all Orthoptera, and young and adult stages of the 
Thysanuran Petrobius carpenteri Bagnall (Maehilidae). 

Good fixation was given by Carls’s mixture (see Tillyard, 
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‘ Biology of Dragonflies ’, 1917) and Camoy II (see Lee, 4 Micra- 
tomist’s Vade-Mecum ’), used cold from 8-24 hours according 
to the size of the insect to be fixed. In the older stages, punctur¬ 
ing or decapitation was necessary to ensure satisfactory pene¬ 
tration. After washing thoroughly in 70 per cent, alcohol, the 
material was prepared for sectioning by the conventional 
methods of paraffin-embedding, using cedar-wood oil as a clear¬ 
ing agent. Paraffin-embedded material gave general satisfac¬ 
tion, sections being cut 6-lO^t thick. Por difficult material, 
e.g. advanced stages of Locustana and Porficula, 
double embedding (celloidin and paraffin) was necessary. Good 
preparations were obtained by staining in Ehrlich’s acid haema- 
toxylin followed by Biebrich scarlet and in borax carmine dif¬ 
ferentiated in picro-indigo-carmine (alcoholic). Mallory’s triple 
stain also gave useful preparations, the chitinous parts being 
vividly differentiated. 

IV. Obsebvations on Locustana and Colbmania. 

(a) Adult Organs. 

The genitalia and the genital duct system of Locustana 
are shown in Text-fig. 1. The general plan of the reproductive 
organs is similar in Oolemania, and the ensuing description 
of these based on Locustana applies to Oolemania also. 
The enlarged eighth sternum constitutes the subgenital plate 
( subgpl its reflexed inner surface forming the floor of the 
genital cavity (gen cav) and being in part modified into a median 
egg-guide (eg). The two large anterior ovipositor lobes or ventral 
valves (a ovip) are joined to the membranous hind margin of 
the subgenital plate. Above these are the two pairs of appen¬ 
dages of the ninth sternum; a pair of lateral ovipositor lobes 
or dorsal valves (l ovip) and a pair of small, inner ovipositor 
lobes or valves (i ovip) between them. The gonopore or vulva 
(go), the opening of the common oviduct (vagina, uterus), is on 
the inner surface of the subgenital plate and ventral to the 
anterior ovipositor lobes. Immediately above it is a blind pouch 
(d pch), an invagination of the genital cavity, of uncertain 
function. The spermathecal pore (spmpo) is in a groove in the 
NO. 289 D 
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membrane stretching between the ventral bases of the anterior 
ovipositor lobes and is strengthened by a small chitinous plate for 
receiving the tip of the penis ; it does not open into the common 
oviduct but directly into the genital cavity. Between the inner 

Thxt-ixo. 1. 



Bight hall of the abdomen of an.adult female of Looustana 
showing the reproductive organs. For lettering see p. 81. 

ovipositor lobes is the opening of an unpaired, vestigial accessory 
gland. 

A short, median common oviduct (c od) passes inwards from 
the gonopore and reaches to the anterior margin of the eighth 
sternum where the two oviducts (mes od) open into it. The ovi¬ 
ducts diverge and run anteriorly and dorso-laterally. In the third 
to fifth abdominal segments each is dilated into an egg-calyx 
(e clx) and receives the tubules of an ovary on its mesal margin ; 
beyond the ovary each oviduct extends into the thorax as a 
convoluted gland, the so-called ‘ boyau-calicial ’ ( oa ), which 
produces the ‘ froth-substance ’ accompanying the eggs when 
they are laid. The spermathecal pore leads into a horizontal 
spermathecal duct (spm dct) which soon forms a much-coiled 
structure; on unravelling this the duct is seen to end by forking 
into a spermatheca and a spermathecal gland. The opening 
between the inner ovipositor lobes on the ninth sternum leads 








GENITAL DUCTS IN INSECTS 


85 


into a short, straight, non-glandular invagination ( accimvl ), 
hitherto undescribed, which represents a vestigial accessory 
gland, as will be shown later (VII (<2), p. 68). 

(fe) Development of the Genitalia. 

In late embryos, and in the early first instar nymphs of 
Locustana, the rudiments of two pairs of ovipositor lobes are 
plainly recognizable; an anterior, blunt-pointed pair of lobes 
on the hind margin of the eighth abdominal sternum, and a more 
sharply pointed, better-developed pair on the hind margin of 
the ninth. The two pairs of lobes arise in an identical maimer 
from their respective sterna; ventrally each pair is separated 
by a suture from its sternum and each attaches along the whole 
width of its sternum. In cross-section the lateral attachment 
of the ovipositor lobes of a pair to their sternum is plain. 
Figs. 1 and 8, PI. 2, respectively show cross-sections through 
the lateral (l ovip) and the anterior (as ovyp) lobes of an early- 
first instar nymph. Mesally, the two lobes of a pair become 
united near their bases leaving only a small groove ventrally 
(fig. 1, gr 1, fig. 3, gr 2). In newly hatched nymphs the bases of 
the anterior lobes are already slightly overgrown laterally by 
the eighth sternum, the first indication of the future enlarge¬ 
ment of this plate into the subgenital plate with the consequent 
formation of a genital cavity. Similar conditions obtain in 
young first instar nymphs of Colemania, and in this form 
also it is clear that the lobes from the eighth and ninth sterna 
are serially homologous. 

In the early second instar nymphs of Locustana and 
Colemania two small lobe-like outgrowths (fig. 8, iovip, 
PI. 2) arise from the mesal bases of the ovipositor lobes 
(l ovyp) of the ninth sternum, and the ventral groove (gr 1 ) is 
now bounded by the inner margins of these outgrowths. There 
are no outgrowths from the lobes of the eighth (fig. 9, a ovip, 
PI. 2) but their hypoderm is noticeably thickened mesally. 
The rudiments of the three pairs of ovipositor lobes of the adult 
are now present. The pair of lobes on the eighth sternum will 
develop into the ventral valves, the lateral lobes on the ninth 
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into the dorsal valves ; the inner pair on the ninth give rise to 
the inner valves. 

During development to the adult the following changes take 
place. In the instars succeeding the second, the eighth sternum 
proceeds to enlarge and to overgrow the anterior ovipositor 
lobes until in the last (fifth) nymphal instar it is definitely 
established as a true ‘ subgenital ’ plate. In the third instar 
a small median tract of thickened hypoderm on the inner surface 
of the eighth sternum marks the beginning of the formation of 
the egg-guide. In the fifth instar this structure is well developed 
and has assumed the appearance of the adult organ. Mention 
may further be made of a pair of small secondary pockets 
(figs. 16,17, and 18, Ipch, PI. 8) on either side of the egg-guide 
which are at this stage differentiated on the inner surface of the 
subgenital plate. The ovipositor lobes of the ninth sternum in¬ 
crease considerably in length, covering the inner lobes of the 
ninth sternum in the fourth instar, while in the fifth instar their 
extremities are only slightly anterior to those of the lateral 
ovipositor lobes of the ninth. In the last instar the superficial 
demarcation of each anterior ovipositor lobe by means of 
sutures into a compound ‘ basivalvula ’ of three selerites and a 
* shaft ’ is plain. The ninth sternum remains small and in the 
fifth instar only two lateral plates remain. The lateral ovi¬ 
positor lobes lengthen considerably after the second instar, but 
the inner lobes remain small and fuse basally, only their tips 
remaining free. The extension of the eighth sternum posteriorly 
together with the reduction of the ninth and its retraotibn within 
the eighth results in the lateral and inner ovipositor lobes being 
situated dorsal to the lobes of the eighth and also in the forma¬ 
tion of a large genital cavity covered above by the ovipositor 
lobes and floored below by the subgenital plate. Pig. 46, PL 4, 
illustrating a longitudinal section through a nymph of Cole- 
mania 22 mm. long, corresponding to the fourth instar of 
Locustana, and figs. 18-20, PI. 8, illustrating selected cross- 
sections from a series proceeding headwards in a fifth instar 
nymph of Locustana, show the relations of the genitalia, 
the subgenital plate enclosing a genital cavity, &o. 
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(c) Development of the Genital Ducts and Ac¬ 
cessory Organs. 

In late embryos of Locustana a short, anteriorly growing, 
hypodermal inpushing, the common oviduct invagination, is 
present where the intersegmental membrane of the seventh 
abdominal sternum joins the eighth sternum, and runs out as 
a groove on to the eight sternum. Lying internally on either 

Text-itg. 2. 



Schematic longitudinal section through the abdomen of an early 
first instar nymph of Locustana showing the rudimentary 
genital invaginations. The laterally placed right mesodermal 
oviduct (mes od) and ampulla (amp) are shown in dotted out¬ 
line. For lettering see p. 81. 

side of this inpushing are the ampullae, the slightly dilated ends 
of the mesodermal oviducts which stretch anteriorly to the 
ovaries as exttemely minute, solid cords composed of length¬ 
ened cells. Essentially similar conditions prevail in the early 
first instar, but the common oviduct now opens on the extreme 
anterior part of the eighth sternum (Text-fig. 2, o od mv ); its 
dorsal half extends posteriorly from its opening as a very short 
groove (fig. 5, c od gr, PI. 2) which is open ventrally. Pig. 6, 
PI. 2, of a cross-section a few sections anteriorly to that shown 
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in fig. 5, shows the completely tubular common oviduct in¬ 
vagination (c od inv). As in the embryo the invagination ends 
blindly (fig. 7, c od inv, PI. 2) between the two ampullao (amp) 
anteriorly, near the hind margin of the seventh sternum. The 
ventral groove (fig. 8, gr 2, PI. 2) described above between 
the ovipositor lobes on the eighth sternum becomes tubular 
anteriorly and extends internally as a very short hypodermal 
invagination (fig. 4, PI. 2, and Text-fig. 2, spm inv). This in¬ 
vagination, which is entirely independent of the common ovi¬ 
duct invagination, represents the rudiment of the spermatheca. 
The groove (fig. 1 , gr 1, PI. 2) between the ovipositor lobes on 
the ninth sternum gives rise to an invagination in the same 
way,'the rudiment of the accessory genital invagination on the 
ninth (fig. 2, PI. 2; Text-fig. 2, acc inv 1). 

Newly hatched Colemania nymphs exhibit features similar 
to those presented to the corresponding stage ofLocustana. 
There are also present three distinct invaginations, the sperma- 
thecal and the accessory invaginations between the lobes on 
the eighth and ninth sterna respectively, and the common 
oviduct invagination. As in Locus tana the latter is un¬ 
paired and opens on the extreme anterior part of the eighth 
sternum, practically between sterna 7 and 8. 

During further development important changes take place. 
Colemania resembles Locustana so closely that the two 
forms, may be considered together. Considering the common 
oviduct invagination it is found that during the first instar its 
opening undergoes a very significant change of position. The 
mouth of the invagination, which is at the extreme anterior 
margin of the eighth sternum in the early first instar (Text- 
fig. 2, c od inv), is near the hind margin of the sternum towards 
the end of the instar. This * shifting ’ of the gonopore appears 
to take place as follows. The short ventral groove (fig. 5, c od gr, 
PI. 2) into which the common oviduct runs out is extended 
posteriorly, its anterior portion closing ventrally and becoming 
tubular as it proceeds towards the hind margin of the sternum. 
The common oviduct is thus extended and its opening, the 
gonopore, carried more and more posteriorly. In the newly 
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moulted second instar the common oviduct (fig. 11, cod, PI. 2) 
runs out into a groove continuous with the genital cavity (gen 
cav) which is being formed at the hind margin of the eighth 
sternum by the sternum overgrowing the bases of the anterior 
ovipositor lobes (fig. 10, b- a ovip, PI. 2). The common oviduct 
(c od) thus comes to open on the inner reflexed surface of the 


Tbxt-ito. 3. 



Schematic median longitudinal section through the abdomen of a 
nymph of Colemania 14 mm. long (corresponding to the 
second instar of Locustana) showing the relations of the 
genital invaginations to one another at this stage. The laterally 
placed right mesodermal oviduct ( mesod) ana ampulla (amp) 
are shown in dotted outline. For lettering see p. 81. 

eighth sternum (subgenital plate), as is shown in Text-fig. 8. 
Part of the genital cavity is carried anteriorly for a short dis¬ 
tance as an invagination above the common oviduct, the rudi¬ 
ment of the ‘ pouch ’ noted in the adult (Text-fig. 8 ; fig. 12, 
d pch, PI. 2). The intermediate stages of the progression of the 
common oviduct from the seventh sternum to the hind margin 
of the eighth has not been followed in Colemania, but this 
probably takes place as in Locustana. 

Further development shows few significant changes. In the 
third instar the common oviduct still ends blindly between 
the ampullae, now slightly swollen and with a distinct lumen. 
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In the oviducts also a small lumen is just discernible. In the 
fourth instar the now wider and larger common oviduct is 
surrounded by connective tissue and muscle and the ampullae 
of the oviducts with their clear lumina are about to open into it. 
The blind pouch above the common oviduct is better developed 
and muscles attach to its tapering end. In the last instar the 
large oviducts (fig. 22, mes od, PI. 8) open into the wide com¬ 
mon oviduct (c od) and their lumina are continuous. 

The spermathecal invagination from between the ovipositor 
lobes of the eighth sternum develops comparatively rapidly and 
extends anteriorly. In the second instar it becomes bent upon 
itself and again towards the end of the instar (figs. 10, 11, 
PL 2 ; Text-fig. 3, spin inv). In the fourth and fifth instars it 
is a long tube coiled anteriorly (fig. 19, spin inv, PI. 8; fig. 46, 
Pl. 4). It may be emphasized that, as in the adult, during 
development there is no connexion between the common oviduct 
and the spermathecal invagination; the spermathecal invagina¬ 
tion opens not into the roof of the common oviduct but into the 
genital cavity when this is formed. 

The accessory genital invagination between the ovipositor 
lobes on the ninth (Text-fig. 2 ; fig. 4, aco inv 1, Pl. 2) develops 
slowly in comparison with its serial homologue on the eighth, 
the spermathecal invagination. It increases slowly in length 
through the different instars up to the fifth, when it is a short 
tube extending anteriorly and slightly bent upon itself at its 
anterior end as if to start coiling (see Text-fig. 8; fig. 16, 
acc inv 1, Pl. 8; fig. 45, Pl. 4). Even in the adult this struc¬ 
ture is vestigial (Text-fig. 1, acc inv 1 ). 

The relations of the genital invaginations to one another and 
to the ovipositor lobes, subgenital plate, and genital cavity in 
late nymphal stages are shown by fig. 45, Pl. 4, illustrating a 
longitudinal section through a nymph of Oolemania corre¬ 
sponding to the fourth instar of locustana, and by figs. 18- 
22, Pl. 8, illustrating selected cross-sections from a series pro¬ 
ceeding headwards in a fifth instar nymph of Locustana. 
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V. Observations on Blattblla. 

(a) Adult Organs. 

The reproductive organs are shown below in Text-fig. 4 in 
schematic longitudinal section and in figs. 51-4, PI. 4, illustrat¬ 
ing selected cross-sections. The enlarged seventh sternum pro¬ 
vides the subgenital plate ( subgpl ), its inner reflexed surface 
forming the floor of the huge genital cavity (gen cm) which is 
bounded dorsally by the eighth sternum, the ovipositor lobes, 
and the paraproets. The inner surface of the subgenital plate is 
strikingly modified, having to carry the ootheca; it is thrown 
into folds and fold-like invaginations possessing areas of glan¬ 
dular cells (figs. 51-5, gl c, PI. 4). In cross-section, two main 
lateral folds (fig. 51, l fid, PI. 4) are seen rising up on either side 
of the ovipositor lobes situated dorsally on the roof of the genital 
cavity. The three pairs of ovipositor lobes are reduced and 
almost entirely membranous. The eighth sternum is reduced 
and largely dechitinized, while its appendages, the anterior ovi¬ 
positor lobes or ventral valves (a ovip), are closely apposed to 
the lateral (l ovip) and inner ( iovip) ovipositor lobes of the 
ninth sternum, and connected with both these pairs by a tongue 
and groove arrangement (see fig. 51, PI. 4). The ninth sternum 
is reduced to two small lateral areas. For a detailed description 
of the chitinized portions remaining of the eighth and ninth 
sterna see Wille (1920, pp. 86-91). 

The ovaries are situated dorso-laterally in the fourth to the 
seventh abdominal segments. Leading from the ovaries in the 
seventh segment are the two short oviducts (figs. 52, 58, 54, 
mes od, PI. 4) which proceed ventrally and anteriorly to open 
into the common oviduct (Text-fig. 4, cod). The common ovi¬ 
duct is short and opens by means of the gonopore (Text-fig. 4, 
go) on a raised fold ( fid) of the floor of the genital cavity very 
near its anterior end. This raised fold is due to a pocket (Text- 
fig. 4; figs. 53, 54, pet, PI. 4) of the genital cavity extending 
beneath the part carrying the gonopore. The gonopore is thus 
on the reflexed inner surface of the seventh sternum, the 
seventh interstemal or so-called intersegmental membrane. 
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Pour small bulbous bags lying internally in the body-cavity, 
two on each side of the common oviduct (Text-fig. 4, spm 1 
and 2), serve as spermathecae, as sections of females which had 
copulated show all four to be filled with spermatozoa. The 

Tbxt-ko. 4. 



Schematic median longitudinal section through the abdomen of 
a newly moulted adult female of Blattella showing the repro¬ 
ductive organs. Parts not in the median plane are shown in dotted 
outline. For lettering seep. 81. 

spermathecae open directly into the genital cavity and not into 
the common oviduct (vagina), as is often inaccurately stated. 
A short duct leads from each (fig. 54, PI. 4; Text-fig. 4, 
spm dot 1 and 2) to open into a short dorsal groove (figs. 58, 
54, spm gr, PI. 4) on the fold carrying the gonopore, the two 
ducts of a side tending to open confluently. The spermathecal 
openings are thus on the floor of the genital cavity, the seventh 
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interstemal membrane—an aberrant and secondary condition, 
as will be shown later—anterior (morphologically posterior) to 
the gonopore. Posteriorly the groove (spm gr) leading from the 
spermatheeal openings runs out on to the gonopore, furnishing 
a guiding passage for the sperms. A profuse mass of glandular 
tubes (Text-fig. 4; figs. 51-4, coll gl, PI. 4), the accessory or 
colleterial glands, open on the ninth segment (not interseg- 
mentally as stated by Wille 1920) ventrally between the bases 
of the inner ovipositor valves. The glands are paired, the tubules 
of a side leading into a short common duct which joins its fellow 
from the other side to open by a common pore (fig. 52, o coll gl, 
PI. 4). 

(i>) Development of the Genitalia. 

In first instar nymphs of B1 a 11 e 11 a the sterna of the genital 
segments are readily visible from below; the seventh sternum 
is normal, the eighth is to a large extent retracted within the 
seventh, while the ninth is divided posteriorly by a short median 
fissure from the hind margin into two lobes (fig. 23, r- l ovvp, 
PI. 3) which each bear a stylus laterally (b- st). As Wille 
(1920) states that the sexes cannot be distinguished externally 
until the last instar, it is perhaps worth mentioning that this 
fissure on the ninth sternum enables one to recognize the female 
from the earliest stages. During the succeeding instars, first the 
eighth and finally the ninth sternum becomes completely tele¬ 
scoped within the seventh sternum which, at the same time, 
gradually enlarges and becomes specialized as the sub-genital 
plate (fig. 46, PI. 4; fig. 50, subg pi, PI. 4), a capacious genital 
cavity being formed between the seventh sternum ventrally and 
the eighth and ninth sterna and paraprocts dorsally. The hypo- 
derm of the floor of. the genital cavity (formed by the inner sur¬ 
face of the seventh sternum, the seventh interstemal membrane) 
is early thickened. In the fourth instar the two lateral folds are 
evident (fig. 89, l fid, PI. 4). In the next instar more folds and 
fold-like invaginations have made their appearance. In the 
following and last nymphal instar tracts of cells at the bases of 
these become specialized as glandular cells (figs. 47,48, glc, PI. 4), 
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The gonapophyses are not recognizable externally in the first 
instar. Sections of nymphs in this stage show that each lobe 
of the ninth sternum is thickened mesal to the styli (fig. 28, 
r -1 ovip, PL 8), the first indication of the future lateral ovipositor 
lobes. A similar mesal thickened area can be seen on the hind 
margin of the eighth sternum (fig. 23, r- a ovip, Pl. 3), and a median 
fissure soon appears which differentiates the two rudiments of 
the anterior ovipositor lobes. Apart from the initial absence 
of the fissure on the eighth sternum, there can be no doubt as 
to the s imila rity of origin of the anterior ovipositor lobes of the 
eighth and the lateral lobes of the ninth. That these structures 
correspond serially is especially evident in later instars when 
these structures are better differentiated (compare on Pl. 8, 
fig. 26, l ovip , with fig. 30, a ovip). It is true that in the late 
instars the tips of the anterior ovipositor lobes come to occupy 
a median position, but a section through their base compared 
with one through the base of the lateral ovipositor lobes of the 
ninth at once shows the homology of these structures (compare 
on Pl. 4, fig. 37 with figs. 39 and 40). In the third instar the 
inner ovipositor lobes of the ninth sternum are first indicated 
as thickenings on the mesal margins of the lateral ovipositor 
lobes ; in later instars they bud forth as outgrowths from these 
(fig. 87, iovip , Pl. 4). No outgrowths homologous with these 
are differentiated from the anterior ovipositor lobes of the eighth 
sternum. The eighth and ninth sterna do not develop into 
normal sternal plates. They are lightly chitinized in the early 
instars, and when they are retracted within the seventh sternum 
(subgenital plate) they become dechitinized and are represented 
by short, wide, transverse strips of membrane. By the last 
nymphal instar, the ninth sternum is practically crowded out or 
absorbed mesally by the bases of the lateral and inner ovi¬ 
positor lobes. The eighth sternum remains a well-defined mem¬ 
branous area lining the anterior part of the roof of the genital 
cavity. In the adult this area becomes chitinized in part, chiefly 
marginally. The lateral ovipositor lobes of the ninth sternum 
develop from the sternum mesal to the styli and do not carry 
these structures apically as they are said to do in some insects, 
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e.g. Odonata. The styli are lost during the moult from the 
fifth into the last nymphal stage. 

(c) Development of the Genital Ducts and Ac¬ 
cessory Organs. 

* In the newly hatched and older first instar nymphs, the am¬ 
pullae of the mesodermal oviducts can be seen resting beneath 
the hypoderm of the posterior part of the seventh sternum 
where the intersternal (intersegmental) membrane attaches to 
the eighth sternum. They have a small lumen and represent 
flattened structures (fig. 25, amp, PI. 8). The mesodermal ovi¬ 
ducts are continued from the ampullae anteriorly and dorsally 
to the ovaries as solid cords of cells. No trace of the common 
oviduct invagination can yet be made out. In the next stage, 
however, the rudiment of this organ is furnished by an unpaired 
hypodermal invagination which sinks in from the slightly 
thickened, floor of the genital cavity, i. e. from the seventh inter- 
sternal membrane (fig. 82, c od mo, PI. 3). In succeeding instars 
the common oviduct increases in size and length, its anteriorly 
growing end resting above the ampullar ends of the mesodermal 
oviducts (fig. 42, c od inv, PI. 4). In the fifth instar the com¬ 
mon oviduct is provided with a clear lumen into which the am¬ 
pullar ends of the paired oviducts open by the breaking, down 
of the intervening walls (see fig. 49, oodmv, rnesod, PI. 4, 
from a sixth instar nymph); the paired oviducts now have a 
well-defined lumen throughout their length. A secondaiy in¬ 
vagination (fig. 46, PI. 4 ; figs. 48, 50, pot, PI. 4) sinks in 
beneath the common oviduct so that in the adult it traverses 
and opens on a fold (Text-fig. 4; fig. 58 ,fid, PI. 4) of the genital 
cavity floor. In the fourth instar two minute hypodermal in¬ 
vaginations sink in on each side of the mid-line from the hypo- 
derm of the genital cavity floor, immediately anterior (mor¬ 
phologically posterior) to the common oviduct invagination 
(figs. 48, 46, spm mo 1, PI. 4). Immediately anterior to these 
again is a similar pair of invaginations (figs. 44, 46, spm mv 2, 
PI. 4). These two pairs of independent invaginations represent 
the rudiments of the four spermathecae. The spermathecal 
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rudiments enlarge (see fig. 50, PI. 4, of a fifth instar nymph) 
to form four ingrowing tubes whose ends dilate in the last instar 
into the four bulbous bags, a pair on each side of the common 
oviduct (figs. 48, 49, sjpm 1 and 2, PI. 4), the anterior pair being 
the larger. A small dorsal groove has now formed along the 
mid-line of the fold carrying the gonopore. The spermatheoal 
ducts open separately into this with a tendency, however, for 
the pair of a side to open confluently into this groove (fig. 54, 
spm gr, PI. 4). In the second instar, a small unpaired invagina¬ 
tion (fig. 28, acc inv 1, PI. 8) arises on the ninth sternum an¬ 
teriorly from the groove (fig. 27, gr 1, PI. 8), between the rudi¬ 
mentary lateral ovipositor lobes and this is the rudiment of 
the colleterial gland. When the inner ovipositor lobes are dif¬ 
ferentiated from the inner margins of the lateral ovipositor 
lobes on the ninth sternum, the groove comes to lie between 
these (fig. 88, gr 1, PI. 4) and thus also the opening of the 
accessory invagination, as in the case of the corresponding acces¬ 
sory invagination in Locustana and Colemania. While 
but a short invagination, the colleterial rudiment gives rise to 
two lateral diverticulae (fig. 29, acc inv 1, PI. 8), and these 
grow and give rise to many diverticulae. Some of these again 
fork and the paired colleterial gland of the adult is formed. A 
similar invagination arises from a groove (fig. 31, gr 2, PI. 8) 
at the bases of the anterior ovipositor lobes on the eighth "ster¬ 
num. This invagination, which corresponds to the spermatheoal 
invagination of Locustana and Colemania, remains 
rudimentary, and in the fourth instar is but a short invagination 
(figs. 41, 42, acc inv 2, PI. 4). In the adult there is no trace of 
this invagination, a median tract of enlarged glandular cells 
marking its position (fig. 58, s gl, PI. 4). 

YI. Observations on Forficula. 

(a) Adult Organs. 

Text-fig. 5 illustrates the reproductive organs of Forficula. 
As in Blattella the seventh sternum of the abdomen is 
enlarged to serve as a subgenital plate (subgpT). The reduced 
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eighth and ninth sterna are covered below by the subgenital 
plate and are lightly chitinized; the median area of each is 
membranous. No ovipositor valves are borne by the eighth and 
ninth sterna. A genital cavity {gen cav) is enclosed between the 
subgenital plate below and the eighth and ninth sterna above. 

The ovaries in females about to oviposit occupy practically 
the whole of the abdomen from the second to the seventh seg- 


Tbxt-btg. 5. 



Right half of the abdomen of a gravid adult female of Forf icula 
showing the reproductive organs. For lettering see p. 81. 


ments. Two short oviducts {mesod) emerge from the ovaries 
posteriorly and pass downwards to open into the common 
oviduct (c od) at the anterior margin of the seventh sternum. 
The common oviduct is very short and opens into the genital 
cavity where the inner surface of the subgenital plate joins the 
eighth sternum; morphologically the gohopore (go) is on the 
posterior membranous part of the seventh sternum, the inter- 
segmental membrane. Situated posteriorly in the median mem¬ 
branous area of the eighth sternum is the spermathecal pore 
(sjpm po ); from it a thin, coiled duct leads into the bent sperma- 
theca (spm) lying internally on the sternum. As in Locus- 
tana, Golemania, and Blattella, the spermathecal pore 
is distinct from the gonopore or egg-laying opening and opens 
directly into the genital cavity and not into the common 
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oviduct. Unlike these insects, P orficula does not possess 
a genital invagination on the ninth sternum. 

# 

( b ) Development of the Genital Cavity, Genital 
Ducts, and Spermatheca. 

The extension of the seventh sternum as a subgenital plate, 
and the retraction of the eighth and ninth sterna within it, with 
the consequent formation of a large genital cavity, takes place 
gradually during nymphal development. In the first three in¬ 
stars sterna 7, 8, and 9 are normal. When the last nymphal 
instar, the sixth, is reached, the eighth sternum is almost com¬ 
pletely retracted within the seventh. In the adult the seventh 
sternum covers the eighth and ninth sterna and the genital 
openings and forms the subgenital plate. There are no indica¬ 
tions of gonapophyses during nymphal development. 

In the second instar two genital invaginations are evident. 
A short hypodermal invagination originates between the seventh 
and eighth sterna from the interstemal membrane and extends 
anteriorly, ending blindly; it represents the rudiment of the 
common oviduct (fig. 85, c od mo, PL 8). The posterior ends 
of the minute, solid oviducts, which come from the ovaries 
situated dorsally in the fourth and fifth abdominal segments, 
are closely applied to the blind end of the common oviduct 
invagination in the seventh segment, one on each side (fig. 86, 
amp, PL 8). The ends of the oviducts are not dilated into 
ampullae to the same extent as in Locustana and Cole- 
mania. Heymons (1895 a) states that these ampullae ter¬ 
minate in the tenth segment and this has been widely quoted. 
As is evident from above, the ampullae are in the seventh seg¬ 
ment, as in all other insects. Heymons has in fact stated that 
this observation was erroneous (1901, footnote, p. 188), but 
this has been overlooked by practically all subsequent authors. 
Originating from the inner surface of the eighth sternum is the 
second invagination, the rudiment of the spermatheca (fig. 84', 
spm mo, Pl. 8). Fig. 88 (PL 8) illustrates the common oviduct 
invagination (c od mo) and the spermathecal or accessory genital 
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invagination (spm inv ) of a third instar nymph in longitudinal 
section. 

These invaginations undergo little change during further 
development. The common oviduct invagination becomes wider 
and deeper during its development through the instars up to 
the last, when it is a short wide duct. The mesodermal paired 
oviducts increase in diameter and have acquired a lumen 
throughout their length in the last instar. They now open into 
the common oviduct. During the instars following the second 
the spermathecal invagination increases in length and becomes 
coiled (fig. 33, spmtmv, PI. 3). In the last instar its terminal 
portion is dilated into the spermatheca proper, the remainder 
of its length serving as the spermathecal duct. There are no 
traces of an invagination from the ninth sternum during 
development. 


VII. Discussion. 

A. Genitalia. 

It has been generally accepted up to now (Verhoeff and others) 
that in pterygote insects the anterior ovipositor valves of 
segment 8 are serially homologous with the inner ovipositor 
valves of segment 9. Two recent workers on the genitalia of 
Orthoptera, viz. Walker (1918,1922) and Chopard (1920), also 
entertain this view. My observations onLocustana, Cole- 
mania, and B la t tel la indicate that it needs revision. In 
these insects the ovipositor valves are first represented by two 
pairs of lobe-like outgrowths on the eighth and ninth sterna. 
The manner and place of origin of these rudiments leaves no 
doubt that they are serially homologous. Later the lobes on the 
ninth give rise to a pair of outgrowths on their mesal margins. 
The lateral structures on the ninth develop into the lateral ovi¬ 
positor valves, the mesal pair into the inner valves. No mesal 
outgrowths are differentiated from the lobes of the eighth 
sternum and they develop directly into the anterior ovipositor 
valves. From the above considerations I must therefore regard 
the anterior ovipositor lobes of Orthoptera as corresponding 
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■with the lateral valves of the ninth, with gonoeoxites from which 
no telopodites are differentiated. 

Wheeler (1898) has already recognized that the rudiments of 
the anterior and lateral ovipositor valves in Orthoptera are 
serially homologous, but later workers, like Verhoeff and others, 
have overlooked this, and the idea that the anterior ovipositor 
valves in Orthoptera and other pterygotes represent telopodites 
appears to have been suggested by the fact that they correspond 
functionally with the telopodites (ovipositor lobes) of Machilidae 
and Lepismidae borne by the gonoeoxites of segment 8. In 
this respect a comparison of the origin of the ovipositor lobes 
in young Orthoptera and in the young stages of the Machilid 
Petrobius carpenteri Bagnall is instructive, and clearly 
shows that the anterior ovipositor valves of Orthoptera do 
not correspond morphologically with the ovipositor lobes of 
Machilidae but with the gonoeoxites of these insects. Walker 
and Chopard, although they include accounts of the develop¬ 
ment of the ovipositor lobes in their studies, have failed to 
observe that the mode of origin of the anterior ovipositor valves 
from the eighth sternum is similar to that of the lateral valves 
from the ninth and entirely dissimilar to that of the inner 
valves between these. In most Orthoptera the anterior valves 
are soon overgrown by the eighth sternum to a greater or less 
extent, so that it is difficult to determine externally that the 
bases of the anterior valves also connect laterally with their 
sternum as do the lateral valves. As Walker and Ohopard do not 
appear to have studied sections of young nymphs but to have 
relied on whole preparations and chitin mounts, the true 
morphological nature of the anterior valves escaped their notice. 

The question arises whether homologues of the anterior ovi¬ 
positor lobes of Thysanura, i.e. serial homologues of the 
inner valves of the ninth segment occur in Pterygota. This 
appears to be the case, especially in the light of the recent work 
of George. 1 In Homoptera George shows that the ovipositor is 
first represented by two pairs of serially homologous rudiments 
on the eighth and ninth sterna. Both pairs later give rise to a 
1 See footnote, p. 31. 
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pair of mesal processes. The lateral processes of the eighth, 
which correspond to the rudiments of the lateral valves of the 
ninth, grow slowly and form the ‘ basivalvula ’ of the compound 
anterior ovipositor valves of the adult, the mesal processes 
between these, which correspond to the inner valves of the 
ninth sternum, enlarging rapidly to ultimately form the major 
portion of the anterior valves. In the Orthoptera the anterior 
valves of the adult are also compound structures consisting of 
a so-called ‘ basivalvula ’ of three sclerites and a ‘ shaft ’. But 
this division appears very late in ontogeny and is to be regarded 
as secondary, for it is only a superficial demarcation and in no 
way comparable to the primary division into two parts of the 
anterior ovipositor valve rudiments of the Homoptera. In 
Zygoptera, George describes and figures an inner pair of pro¬ 
cesses between the anterior ovipositor valves. These, I take 
it, probably correspond to the anterior ovipositor valves of 
Machilidae and represent additional structures not differen¬ 
tiated in Orthoptera, while the anterior ovipositor valves which 
bear them represent the gonocoxites of the eighth segment. 

It thus appears that the anterior ovipositor valves of Ptery- 
gota (where such structures occur) are not always strictly 
identical morphologically as has been assumed hitherto. In 
Homoptera the inner ovipositor valves or telopodites of the 
eighth segment are greatly enlarged and form the greater part 
of the anterior valves, the gonocoxites being reduced to small 
plates. In Zygoptera (Odonata) and Orthoptera the anterior 
ovipositor valves represent gonocoxites. These in Zygoptera 
bear vestigial inner ovipositor valves or telopodites ; in Ortho¬ 
ptera no such structures are differentiated, their probable 
remnants having been completely incorporated within the 
coxites. 

B. Genital Ducts and Accessory Organs. 

In descriptions of the genital ducts, the same name has often 
been applied to parts which are morphologically distinct, so that 
a confused terminology has arisen which has not only tended to 
obscure an understanding of these organs but has often led to 
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needless discussion. Therefore it seems desirable before passing 
to a discussion of these organs to define briefly how certain 
terms are used in the present paper. The ‘ common oviduct ’ is 
the terminal unpaired portion of the efferent system into which 
the paired mesodermal oviducts open and it corresponds to the 
* vagina ’, ‘ uterus ’, ‘ vagina+uterus ’, ‘ vagina+common ovi¬ 
duct ‘ common oviduct—vagina ’ of authors. It opens by 
means of the * gonopore ’ (‘ vulva ’ of some authors) usually into 
a * genital cavity ’ (‘ vagina, ‘ vagina ’ part, ‘ uterus ’ part, 

‘ bursa copulatrix ’ of authors) generally formed by the telescop¬ 
ing of the terminal abdominal segments within a sternum 
(seventh or eighth mostly) specialized as a subgenital plate. 
The ‘ spermatheca ’ (receptaculum seminis of authors) is the 
reservoir in which the sperm is finally stored ; its opening to the 
exterior is termed the * spermathecal pore 

(a) The Common Oviduct. 

Some difference of opinion still exists regarding the manner 
of origin of the common oviduct. Whereas most workers de¬ 
scribe it as being formed only from the hypoderm, others con¬ 
tend that part of it is of mesodermal derivation, e.g. Wheeler 
(1898), George, a view to which Imms subscribes in his text¬ 
book (1925). And while the common oviduct is generally held 
to be of unpaired origin, Nusbaum’s belief that it is derived 
from a coalescence of paired rudiments is still tentatively 
expressed in some text-books, e.g. Deegener (1918-21), and 
has recently been promulgated anew by Singh-Pruthi (1924 c). 

Heymons (1891, 1895 a) and Wheeler (1898) have shown 
conclusively in their embryological studies on Orthoptera that 
the mesodermal paired oviducts terminate in the seventh seg¬ 
ment, their ends being usually enlarged into ampullae. As my 
studies deal with the origin and post-embryological develop¬ 
ment of the common oviduct and its fusion with the mesodermal 
oviducts, the entire developmental history of the genital ducts 
in this group is available. In Blattella, Locustana, and 
Colemania the common oviduct has been shown to originate 
as a median, unpaired hypodermal invagination from between 
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the seventh and eighth sterna, which extends inwards to be¬ 
tween the ends of the mesodermal oviducts. In Blattella 
this hypodermal invagination gives rise to the common oviduct 
in its entirety; in Locustana and Colemania the com¬ 
mon oviduct is formed by this invagination together with a 
posterior hypodermal extension, to be considered later. In 
these insects there can be no doubt that the entire length of 
the common oviduct is formed from the hypoderm; the paired 
mesodermal oviducts open into the common oviduct in a late 
nymphal stage and take no part in the formation of the unpaired 
terminal section of the efferent system. In the Dermapteron 
Porficula also, a hypodermal invagination from between .the 
seventh and eighth sterna gives rise to the common oviduct into 
which the paired mesodermal oviducts come to open, one on 
either side. These facts are in contradiction to the statement of 
Wheeler (loc. cit., p. 125) that the ‘ uterus ’ is mesodermal. This 
author appears to imply that the unpaired terminal section of 
the genital ducts is derived partly from the mesodermal am¬ 
pullae, the ‘ uterus ’ section, and partly from an ectodermal 
invagination, the ‘ vagina ’ (cf. also Imms, p. 150). As Wheeler’s 
observations are restricted to the embryo and very young 
nymphs, and he did not follow the development of the common 
oviduct during the nymphal stages nor note the opening of the 
mesodermal oviducts into it, his assumption of a mesodermal 
‘ uterus ’ cannot be regarded as resting on good evidence. The 
•evidence presented by George (loc. cit.) for a mesodermal sec¬ 
tion of the common oviduct is better founded. This author 
finds that in early nymphs of Agrion (Odonota) the meso¬ 
dermal oviducts fuse in the region of the eighth segment and 
extend posteriorly within it as a single cord upon which a hypo¬ 
dermal invagination from the eighth sternum rests. The com¬ 
mon oviduct of the adult is formed by the mesodermal cord and 
the hypodermal invagination. In view of the fact that Heymons 
(1896 b) has described the mesodermal oviducts in young 
nymphs of Agrion as terminating in the seventh segment, as 
in all other insects, a condition which George has not linked up 
with the apparently later stages studied by him, the latter 
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author’s recognition of a mesodermal section of the common 
oviduct must be accepted with reserve until confirmed. 

Apart from the still doubtful case of 0 d o n a t a the common 
oviduct is described as being formed only from the hypoderm 
in a number of insect Orders, e.g. Mallophaga (Strindberg), 
Homoptera (George), Lepidoptera (Jackson, Verson, and Bis¬ 
son), Diptera (Bruel, Christophers, Christophers and Barraud), 
Hymenoptera (Seurat), Coleoptera (Singh-Pruthi). This condi¬ 
tion therefore seems to be the general rule amongst the insects, 
there being little or no evidence for the views to the contrary. 

The question of the paired or unpaired origin of the cominon 
oviduct, so long buried, has been raised again by Singh-Pruthi 
(loc. cit.). This worker postulates the existence of paired ecto¬ 
dermal ejaculatory ducts in male Homoptera and Coleoptera 
(1924 a, 1924 b), and believes that homologues of these are 
present in the female as described by Nusbaum. He homo- 
logizes the common oviduct with the paired ectodermal ejacu¬ 
latory ducts of the male and contends that it has been derived 
from a coalescence of paired ectodermal ducts, even though he 
finds it to arise from an unpaired invagination. Singh-Pruthi 
further attempts to find support for his views in the Orthoptera 
by suggesting that a pair of evanescent * ampullae ’ described 
by Wheeler (1893) represent the paired ectodermal rudiments 
of the ‘ uterus ’ (common oviduct). Wheeler found these am¬ 
pullae to be situated in the tenth abdominal segment, but 
Singh-Pruthi dismisses this by stating that * as regards the 
demarcation of the body-segments, Wheeler was not very parti¬ 
cular ’, and holds that the structures in question ‘ should lie 
near the posterior margin of the eighth segment ’. These and 
other remarks of Singh-Pruthi (loc. cit., p. 878) criticizing 
Wheeler’s work are not backed up by any evidence of his own 
or of other workers. Moreover, Singh-Pruthi ignores the fact 
that Heymons (1895 a) fully confirmed Wheeler’s observations 
in a number of Orthoptera. These ampullae are derived from 
mesodermal coelomic diverticulae and are restricted to a short 
period of embryonic life. The common oviduct invagination 
originates during the close of embryonic life or post-embryoni- 
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cally from an unpaired ectodermal invagination between the 
seventh and eighth segments, as Wheeler and Heymons have 
noted and I can fully confirm in the Orthoptera Blattella, 
Locustana, and Colemania, and in the Dermapteron 
Forficula. Nusbaum’s observations, which in the female 
form the only support for Singh-Pruthi’s restatement of that 
author’s views, are thus rendered highly improbable in B1 a 11 a; 
in Mallophaga they have been shown incorrect by the work 
of Strindberg (1916 a). To conclude: in Orthoptera and Derma- 
ptera, as in other orders of insects, e. g. Hymenoptera (Seurat), 
Homoptera (George), Lepidoptera (Jackson, Verson and Bis¬ 
son), Diptera (Bruel, Christophers, Christophers and Barraud), 
there is no evidence whatsoever for a paired origin of the com¬ 
mon oviduct, and the postulated corollary, the existence of 
primitive paired ectodermal oviducts in insects. 

( b ) The Primitive Position of the Gonopore in 
Orthoptera and Dermaptera. 

The primitive situation of the gonopore or opening of the 
common oviduct in the Orthoptera (sens, lat.) has not yet been 
critically investigated, the usual situation in these insects on 
or within the posterior limits of the eighth sternum, e.g. 
Locustidae, Tettigoniidae, Gryllidae, Phasmidae, being tacitly 
assumed to represent the ancestral condition (Walker, Chopard, 
&c.). In Blattidae and Mantidae the gonopore was formerly 
incorrectly likewise located on the eighth sternum (Miall and 
Denny, 1886), but it has now. been shown conclusively to be 
situated between the seventh and eighth sternum (strictly with¬ 
in the seventh intersternal membrane) by Denny (1898), Pey- 
toureau (1895), Bordas (1909), Chopard (1920), Wille (1920), 
Vogel (1925), &c. To bring these two groups into line with the 
other Orthoptera, Chopard and Walker state that in their case 
the gonopore has experienced a secondary shifting anteriorly. 

A comparison of the development of the common oviduct in 
Blattella (Blattidae) and in Forficula (Forficulidae) with 
that in the Locustidae, Locustana and Colemania, 
definitely indicates that the condition of the two first-mentioned 
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insects, where the common oviduct opens between the seventh 
and eighth sterna, is the more primitive, and that the gonopore 
on the eighth sternum in Locustidae is a later specialization. 
It has been shown above that in Blattella and Porficula 
the short common oviduct opens on the seventh intersternal 
membrane from an early nymphal stage right up to the adult. 
In Locustana and Colemania the opening of the com¬ 
mon oviduct invagination is in late embryos between the 
seventh and eighth sternum—a condition similar to that of 
Blattella and Porficula. During development the oviduct 
is extended posteriorly along the eighth sternal plate, its open¬ 
ing finally becoming located on the inner reflexed surface of this 
plate. This recapitulation of a common oviduct invagination 
between the seventh and eighth sterna by the Locustidae indi¬ 
cates in no uncertain maimer that their ancestral condition as 
regards the common oviduct and the gonopore was essentially 
similar to the condition still exhibited by Blattidae and Porfi- 
culidae, or in other words that the gonopore in ancestral 
Locustidae opened between the seventh and eighth sterna, the 
situation in present-day representatives being a secondarily 
acquired condition. Chopard and Walker’s idea, therefore, that 
the gonopore has secondarily shifted anteriorly in some Ortho- 
ptera, must be abandoned in face of the ontogenetic evidence 
presented above ; the reverse has taken place. 

It remains to be seen if in the remaining Orthoptera the 
gonopore between the seventh and eighth sterna can be estab¬ 
lished as an ancestral condition. In Mantidae the gonopore in 
the adult opens between the seventh and eighth sterna (Chopard, 
Bugnion, 1928), although attempts have no-Ubeen wanting to 
locate it on the anterior region of the eighth, e.g. Walker. 
Apparently, therefore, the Mantidae, like the Blattidae, have 
retained the primitive position of the gonopore. In the Tetti- 
goniidae and Gryllidae, Chopard locates the gonopore between 
the seventh and eighth sterna describing the subgenital plate 
as being developed from the seventh interstem&l membrane. 
Walker regards the subgenital plate as representing the anterior 
portion of the eighth sternum, the gonopore being definitely 
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situated •within this sternum. I have examined nymphs and 
adults of Oonocephalus (subg. Xiphidion) sp. (Tetti- 
goniidae) and of G-ryllus domesticus L. (Gryllidae), and 
must adhere to Walker’s interpretation as the correct one. But 
Wheeler, in Xiphidion embryos, has shown that the com¬ 
mon oviduct originates as an invagination between the seventh 
and eighth sterna, so that in the Tettigoniidae there can be no 
doubt that the common oviduct originally opened between the 
seventh and eighth sterna. The close similarity as regards the 
opening of the common oviduct, subgenital plate, &c., between 
the Tettigoniidae and the Gryllidae and the near affinities of 
these groups, makes it extremely probable that sections of very 
young nymphs will in the latter group also reveal the common 
oviduct opening between the seventh and eighth sterna. In 
the Phasmidae practically all workers state that the eighth 
sternum is modified to form a subgenital plate on the inner 
reflexed surface of which the common oviduct opens ventrally 
and-anterior to the bases of the anterior ovipositor lobes. 
Chopard states that the gonopore is between sterna 8 and 9, 
but this is not quite accurate as I can state from an examination 
of a number of Phasmids; the gonopore opens on the inner 
reflexed surface of the eighth sternum. I have sectioned very 
young and older nymphs of Dixippus morosus and found 
the common oviduct to be well advanced, definitely opening on 
the inner surface of the subgenital plate. Earlier stages were 
not available for study, so it could not be determined whether 
a secondary shifting posteriorly of the gonopore takes place. 
I imagine that a study of late embryos will show this to be the 
case, considering the postulated affinities (Handlirsch) of the 
Phasmidae with the Tettigoniidae. 

To sum up, it can be said that Blattidae and Mantidae exhibit 
a primitive Orthopteroid condition in retaining the gonopore 
between the seventh and eighth sterna. The Dermapteron 
Porficula likewise retains this primitive Orthopteroid condi¬ 
tion, Locustidae recapitulate this condition during ontogeny 
and secondarily acquire the present-day situation of the gono¬ 
pore on the eighth sternum. Evidence is adduced that Tetti- 
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goniidae also recapitulate the Blattid condition, and it is sur¬ 
mised on grounds of affinity that the Gryllidae and Phasmidae 
will be found to show a similar recapitulation. 

(c) The Gonopore and Common Oviduct in In¬ 
sects in General. 

It is almost universally held that in the insects the primitive 
situation of the female gonopore is on the eighth sternum 
between or near the bases of the anterior ovipositor lobes. 
The hypothetical ‘ protentomon ’ was and is still characterized 
with this condition (Mayer, 1876 ; Handlirsch, 1908,1918-25). 
Palmen’s main thesis that the paired genital openings of the 
mesodermal oviducts in Ephemerida represent a primitive 
condition for insects has not yet found general acceptance, due 
chiefly to its confusion with Nusbaum’s imaginative hypothesis 
of primitive paired ectodermal ducts, which has been disproved 
time and again. His flirtation with the logical consequence of 
his thesis, viz. that some insects acquired a median unpaired 
ectodermal oviducal portion from the seventh intersternal 
membrane as a first departure from the ephemeridal condition, 
has not been taken seriously. Korschelt and Heider’s suggestion 
(1899, p. 850) that the posteriorly placed genital apertures may 
be secondary has likewise been disregarded. Now that it has 
been shown that the primitive location of the single gonopore 
in the Orthoptera is between the seventh and eighth sterna, 
Palmen’s theses, based mainly on anatomical considerations 
become significant and deserve careful consideration also in the 
light of ontogenetic work. I believe that an incontrovertible 
case can be put forward in favour of double genital openings 
between the seventh and eighth sterna as an ancestral condition 
of insects from which, by the addition of an unpaired ectodermal 
common oviduct, the single gonopore condition of other insects 
is derived. Further, that the single gonopore was primitively 
located between the seventh and eighth sterna in practically all 
orders of insects. 

Embryological and post-embryological research during the 
last decade has resulted in establishing certain facts with regard 
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to the female genital ducts whose fundamental significance has 
not been sufficiently appreciated up to now. I refer to the ter¬ 
mination of the mesodermal oviducts on or near the posterior 
margin of the seventh sternum in the embryo and, in the 
nymphal or larval stages, the ends of these oviducts being de¬ 
rived from diverticula of the coelomic sacs of the seventh 
abdominal segment (Heymons, Wheeler, &c.). The mesodermal 
oviducts terminate thus in Ephemeroptera (Palmen, 1884; 
Heymons, 1896 b), Plecoptera (Heymons, 1899 a), Odonata 
(Heymons, 1896a), Thysanura (Heymons, 1897), Ortho- 
ptera (Heymons, 1891, 1895 a; Wheeler, 1893), Dermaptera 
(Heymons, 1901; N.B. see under Eorficula above, p. 48), 
Hymenoptera (Carriere and Burger, 1897), Lepidoptera (Bessels, 
1867; Jackson, 1889 ; Verson and Bisson, 1896; Zick, 1911), 
Homoptera (Heymons, 1899a; George), Heteroptera (Hey¬ 
mons, 1899 a), Diptera (Weismann, 1866 ; Christophers, 1923 ; 
Christophers and Barraud, 1926), Coleoptera (Singh-Pruthi, 
1924 c ). It seems, therefore, that the mesodermal oviducts end¬ 
ing in the seventh segment must be regarded as fundamental 
in the insects. Now Palmen has shown that in the adult 
Ephemerida this condition is retained, the paired mesoder¬ 
mal oviducts opening separately between the seventh and eighth 
sterna, no unpaired ectodermal oviducal portion being formed 
as in other insects. It appears to me, whether we hold the current 
conceptions of the law of biogeneties as stated by MacBride 
(1914,1926) or agree with the restatement of this law by Gar- 
stang (1922), that the ' recapitulation ’ during ontogeny of an 
‘ ephemerid ’ stage by other orders of insects as noted above 
admits of only one interpretation—that in insects in general 
(excluding the Collembola and Protura) the ancestral 
condition resembled that of some present-day Ephemerida, 
double genital openings being present between the seventh and 
eighth sterna (strictly within the seventh interstemal mem¬ 
brane) leading directly into the paired mesodermal oviducts. 
Thus Palmen’s main thesis of double genital apertures is admir¬ 
ably supported by ontogenetic evidence. Palmen, however, did 
not suggest the position of the paired genital openings between 
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the seventh and eighth sterna as an ancestral condition of in¬ 
sects, and indeed could not owing to the fragmentary ontogenetic 
evidence then available. 

Granting the above, it seems reasonable to suppose as Palmen 
did that, following on the double gonopore stage, a short ecto¬ 
dermal common oviduct was acquired from the intersegmental 
membrane—an idea obviously involving no difficulty of explain¬ 
ing the transition between the double and single gonopore 
conditions. I must, however, definitely hypothecate an un¬ 
paired common oviduct invagination (see VII B (a) above, 
pp. 54 and 55), and further leave it open for this invagination 
to have been developed, not only from the seventh interstemal 
membrane but also from the extreme anterior portion of the 
eighth sternum which attaches to this membrane, i. e. in general 
from the immediate vicinity of the transverse limit between 
sterna 7 and 8. This hypothesis derives substantial support 
from the fact that in some admittedly primitive groups, e.g. 
Blattidae,Mantidae, Dermaptera (see VIIB (b) above, pp. 55-57), 
Isoptera (Holmgren, 1909), the gonopore is located between the 
seventh and eighth sterna, a short unpaired common oviduct 
being developed from the seventh intersternal region as has 
been shown in Blattella and Forficula. A difficulty may 
appear to exist in that the gonopore in the ancient Thysanura 
(sens, strict.) is described as opening on the eighth sternum at 
the base of the ovipositor lobes (Meinert, 1871; Grassi, 1888), 
but this is easily met. From my studies on the Machilid 
Petrobius carpenteri Bagnall, I can state that in this 
form an unpaired common oviduct invagination arises in young 
stages between the seventh and eigh’th sterna; this condition 
is retained throughout development up to the adult when the 
short oviduct runs out into a short open groove on the anterior 
region of the eighth. Oudemans’ description (1888) of the adult 
ofPetrobiusmaritimusis substantially the same, so that 
the Machilidae give their weighty support to the hypothesis 
under discussion. It remains, however, for ontogeny to produce 
the conclusive evidence, viz. that in many groups the posteriorly 
placed gonopore is a secondary acquisition. It has been shown 
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that in Loeustidae and Tettigoniidae the common oviduct 
originates as an invagination between the seventh and eighth 
sterna, and that it is later secondarily extended posteriorly, 
the gonopore being located on the inner reflexed surface of the 
eighth sternum. Striking support is further available in George’s 
interesting discovery that in Homoptera the common oviduct, 
invagination originates in young nymphs between sterna 7 and 
8, and that it comes to open on the posterior part of the eighth 
in the adult by a secondary backward extension. A similar 
invagination between the seventh and eighth sterna probably 
exists in Lepidoptera (Jackson). Jackson has also shown that 
the common oviduct is secondarily extended posteriorly right 
oh to the ninth sternum, the earlier phylogenetic phases being 
recapitulated during development. 

The above considerations seem to point clearly to the acquisi¬ 
tion of a common oviduct opening by a single gonopore between 
the seventh and eighth sterna as an early departure from the 
ancestral double genital aperture condition still retained by 
the Ephemerida, a group which, notwithstanding high 
specialization in some respects, undoubtedly possesses many 
phylogenetically ancient features. 

In view of the apparently universal recapitulation in the 
insects of the double genital aperture condition on the seventh 
sternum (see p. 59), it seems reasonable to predict that when 
the gap in our knowledge of the genital ducts in the different 
insect Orders has been filled up, an ontogenetic recapitulation 
of a common oviducal invagination between the seventh and 
eighth sterna will be found to exist in many other groups. In 
some, critical studies will no doubt also show that errors have 
been made in establishing the segmental position of the gono¬ 
pore (cf. Blattidae, Mantidae, Machilidae). Two groups, how¬ 
ever, in which the development of the genital ducts has been 
followed, deserve notice, as no mention of an invagination 
between the seventh and eighth sterna is made. Christophers 
(1923) in the Mosquito and Christophers and Barraud (1926) in 
Phlebotomus (Diptera), and Singh-Pruthi (1924c) in 
Tenebrio (Coleoptera) describe the common oviduct as 



62 


R. I. NEL 


originating as an invagination from the eighth sternum. Pos¬ 
sibly these highly specialized groups do not recapitulate the 
invagination between the seventh and eighth sterna so clearly 
as do the Orthoptera and Homoptera. Or, alternatively, these 
insects departed from the double gonopore condition between 
.the seventh and eighth sterna—recapitulated by these groups 
in the embryo and in the larva—by polyphyletically acquiring 
a common oviduct with the gonopore on the eighth sternum 
instead of between the seventh and eighth sterna. 

Whether the common oviduct and single gonopore was ac¬ 
quired once only or more than once in the course of evolution 
is difficult to decide at present. There are, however, indications 
of a polyphyletic acquisition of this condition in the small but 
significant differences in place of origin of the common oviduct 
invagination between the seventh and eighth sterna (cf. its 
origin in Blattidae, Forficulidae, Locustidae, and in Homoptera 
as described by George). The origin of the common oviduct in 
Diptera (Christophers, Christophers and Barraud) from the 
median portion of the eighth sternum as well as the essentially 
similar finding of Singh-Pruthi in the Coleoptera can further be 
taken to favour this view. The backward extension of the com¬ 
mon oviduct from the seventh sternum definitely seems to have 
taken place polyphyletically. Compare, for instance, its manner 
of extension in Locustidae with that described for Homoptera 
and also the final position of the gonopore in these groups. In 
Homoptera the gonopore is ultimately located dorsal of (pos¬ 
terior to) the anterior ovipositor lobes (George), in Locustidae 
ventral and anterior to these structures. Compare also the 
manner of extension of the common oviduct from the eighth to 
the ninth as described by Jackson in Lepidoptera and by Singh- 
Pruthi in Coleoptera (see II (6), pp. 29 and 81). 

(d) The Accessory Genital Organs. 

The occurrence of accessory genital organs in insects such as 
the spermatheca, various accessory glands, genital saco ulla e, 
&c., is well known. But apart from the work of Berlese (1909, 
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see under II (b), p. 80) no attempts to elucidate the morphology 
of these organs in insects in general have been made, as far as I 
know. My observations on the development of these structures 
in the Orthoptera together with a consideration of the com¬ 
parative anatomical and ontogenetic evidence presented by 
other insects permit of important general deductions : (1) that 
the presence of two intrasegmental hypodermal invaginations 
from the eighth and ninth sterna must be postulated in the 
ancestors of those insects commonly grouped together as the 
Orthoptera, and (2) that this is a phylogenetic ancient condition, 
ancestraljEor insects in general. 

(1) Orthoptera and Dermaptera. 

« 

Locustidae.—In Locustana and Colemania it has 
been shown above that two serially homologous, median un¬ 
paired hypodermal invaginations originate in the earliest nym- 
phal instar on the eighth and ninth sterna from grooves between 
the bases of the anterior and lateral ovipositor lobes respectively. 
Later, when the inner ovipositor lobes are differentiated from 
the mesal margins of the lateral ovipositor lobes, the invagina¬ 
tion on the ninth sternum opens between these structures. The 
invagination from the eighth sternum gives rise in the adult to 
the organ functioning as the spermatheca; the one on the 
ninth remains a short tubular organ, apparently functionless. 
As an entirely homologous invagination on the ninth sternum in 
Blattella (and other Blattidae) gives rise to accessory glands, 
the colleterial glands, it seems justifiable to regard this organ 
in Locustidae as vestigial, a remnant of a former accessory 
gland. This interpretation derives further support from the 
occurrence of such glands from the ninth sternum in other 
Orthoptera and orthopteroid groups, e. g. Mantidae, Phasmidae, 
Isoptera. 

Tettigoniidae and Gryllidae.—As in the Locustidae 
only the invagination from the eighth sternum between the 
anterior ovipositor lobes is functional, and also as a sperma¬ 
theca. Sections of gryllid nymphs (Gryllus domesticus 
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L.) show a corresponding vestigial accessory genital invagina¬ 
tion on the ninth, between the inner ovipositor lobes. 

Phasmidae.—In this group both accessory genital in¬ 
vaginations are present and functional, the one on the eighth 
sternum as a spermatheca (dissections of Dixippus and other 
Phasmids, sections of nymphs of Dixippus), the one on the 
ninth as a paired accessory gland with a common opening 
(ef. Blattella). In Diapheromera there is a paired 
spermatheca, according to Marshall and Severin (1906). 

Blattidae and Mantidae.—In Blattella, as in 
Locustana and Colemania, two accessory genital in¬ 
vaginations are present in early nymphs on the eighth and 
ninth sterna between the anterior and lateral ovipositor lobes 
respectively; the one on the ninth likewise becomes located 
between the inner ovipositor lobes when they are differentiated. 
The invagination from the ninth sternum gives rise to the paired 
accessory gland (colleterial glands). The one from the eighth 
sternum, the homologue of the spermathecal invagination of 
Locustana and Colemania, atrophies in the latenymphal 
stages. There can be no doubt that this invagination was once 
functional as it persists in other Blattids, e.g. Periplaneta 
and Blatta, as a functional spermatheca (and spermathecal 
gland), as I have found by examining these forms and as is 
abundantly clear from the literature (Vogel, &c.). Its abortion in 
Blattella is a secondary feature and a peculiarity of this 
form, whose four spermathecae from the seventh interstemal 
(intersegmental) membrane is aberrant (see also (e) below, 
pp. 67-71) and possibly due to a specialized mode of copulation. 

Dermaptera.—In Porficula the invagination from the 
eighth functions in the adult as the spermatheca. It is interest¬ 
ing that it is in this form practically intersegmental, being 
located between sterna 8 and 9. This position is undoubtedly 
secondary if with Handlirsch (1908, 1918-25) and others we 
believe in an Orthopteran ancestral stock for the Dermaptera, 
and is almost certainly associated with the secondary loss of the 
ovipositor lobes and the reduction of the eighth sternum. No 
invagination is indicated during ontogeny or in the adult from 
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the ninth sternum, the tendency towards its atrophy manifested 
in Locustidae, Tettigoniidae, and Gryllidae being here carried 
to completion even ontogenetically. 

From the facts presented above there is no difficulty of pos¬ 
tulating as an ancestral condition in Orthoptera, accessory 
genital invaginations from the eighth and ninth sterna primi¬ 
tively developed in intimate association with the ovipositor 
lobesl 

(2) In Insects in General. 

A detailed morphological analysis of the accessory genital 
organs in all insects can as yet not be undertaken profitably 
owing to several difficulties. Chief amongst these is the lack 
of ontogenetic and especially comparative ontogenetic studies. 
Anatomical evidence alone cannot be relied upon owing to the 
.great modifications of the genital segments and their invagina¬ 
tions and the consequent difficulty of correctly assigning the 
latter segmentaHy. Also, as has been illustrated above in the 
Orthoptera, in some forms one or the other of the invaginations 
may only be recapitulated during ontogeny, while sometimes, 
e.g. in Forficula, an invagination may lose its intraseg- 
mental position secondarily. Moreover, complications arise 
when these independent invaginations secondarily come to open 
into the common oviduct (Lepidoptera, Jackson) or by an 
approximation of parts into a common vestibule (Diptera, 
Christophers). From the available data, however, there is little 
difficulty in recognizing the widespread existence of accessory 
genital invaginations from the eighth and ninth sterna, although 
in some members of an Order or lower group, one or the other 
of the invaginations or, exceptionally, both may be missing. 

Genital invaginations have been found to arise during de¬ 
velopment from the eighth and ninth sterna in Lepidoptera 
(Jackson, Verson and Bisson), Diptera (Christophers, Christo¬ 
phers and Barraud), Coleoptera (Singh-Pruthi). In the Homo- 
pteron studied by George only the one from the ninth is de¬ 
veloped. Comparative anatomical evidence shows accessory 
genital invaginations apparently from the eighth and ninth 
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sterna in Heteroptera (Ludwig, 1926), Thysanoptera (Klocke, 
1926), Isoptera (Holmgren, 1909; Imms, 1919), Trichoptera 
(Stitz, 1904), Neuroptera (Stitz, 1909), Mecoptera (Stitz, 1908), 
Mallophaga (Strindberg), Hymenoptera (Seurat, 1899). In 
Plecoptera (Klapalefe, 1896) and most Thysanura (Grassi, 
1888; Oudemans, 1888; Willem, 1900) apparently only the 
invagination from the eighth is present. In some forms, how¬ 
ever, e.g. Lepismids, an accessory gland (sebific) belonging to 
the ninth sternum is present (Grassi, loc. cit.). 

From the general occurrence of accessory genital invagina¬ 
tions on the eighth and ninth sterna it seems plausible to suggest 
this as an ancestral condition of all insects, the primitive posi¬ 
tion of these invaginations being intrasegmental and in close 
association with the ovipositor lobes, as in Orthoptera. Phylo¬ 
genetic specialization has shown itself in several ways. First 
by a loss or partial atrophy of one or the other of these in¬ 
vaginations, or of both, e.g. vestigial invagination from the 
ninth sternum in Locustidae, Tettigoniidae, Gryllidae, and its 
complete loss in Forficulidae, loss of the invagination from the 
eighth sternum in the adult in Homoptera (George) and in some 
Blattids, e.g. Blattella, where the invagination is, however, 
recapitulated during ontogeny. Further, in a complexity of 
structure, e. g. branching of accessory glands in Blattids, Man- 
tids, and other insects, development of accessory spermathecal 
glands from the invagination from the eighth in Locustids, &o. 
Lastly, in functional specialization, best seen in the case of the 
invagination from the ninth sternum (e. g. into colleterial and 
sebific glands, poison glands (Hymenoptera, &c.). In addition 
to these primary accessory genital invaginations complementary 
accessory genital invaginations of a secondary nature seem to 
have been developed in Orders, families, and smaller groups, 
e.g. various genital saceullae, copulatory pouches, sperma- 
thecae of some Blattids (Blattella). 

The question whether these accessory genital invaginations 
were originally paired or unpaired is not easy to answer. Evi¬ 
dence exists in favour of each condition. In Lepidoptera Jack- 
son found the accessory glands from the ninth sternum to have 
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a paired origin, and in Diptera Christophers and Barraud are 
likewise inclined to so consider them. In Blattelja (see 
above) the unpaired rudiment of the later paired accessory 
gland from the ninth sternum becomes double so soon that it is 
difficult to say whether this structure was not perhaps originally 
double. In other cases again the accessory genital invaginations 
are unpaired, e.g. in Locustana, Colemania, Forficula 
(see above), and Tenebrio (Coleoptera, Singh-Pruthi). In 
the Machilid Petrobius I have found the accessory invagina¬ 
tions from the eighth sternum to be definitely paired in origin 
and to develop from the bases of the coxites, suggesting a 
derivation from coxal glands. Pending further study on Thy- 
sanuran forms, I prefer to leave this question open. 

One further point deserves consideration. Berlese and George 
evidently consider the invaginations from the eighth and ninth 
sterna to be serially homologous with the common oviduct 
invagination from the seventh sternum. Prom the accounts 
given above of the development and primitive intrasegmental 
position between the bases of the gonopods of these invagina¬ 
tions, and in some cases their paired origin, a serial homology 
with- the unpaired common oviduct invagination seems to me 
■ to be precluded. 

(e) The Spermatheca. 

In the older literature (Dufour, 1834,1841; Balbiani, 1870, 
1872; Witlaczil, 1884; Schneider, 1883, 1885 ; Penard, 1897) 
the spermatheca is generally described as a dorsal appendage of, 
and originating from, the ‘ vagina ' (common oviduct). Later 
workers, recognizing that the genital cavity is morphologically 
distinct from the common oviduct, have found that in many 
insects the spermathecal invagination opens into the genital 
cavity independently of the oviduct (Haase, 1889; Bordas, 
1909 ; Stitz,' 1904 ; Holmgren, 1909 ; Vogel, 1925, &c.). In 
Diptera Christophers proved this ontogenetically by showing 
that the spermathecal invagination originates independently 
of the common oviduct invagination, and that later by an 
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approximation the two come to open in a secondarily formed 
genital atrium. Berlese (1909) concluded that the spermatheoa 
is not always homologous morphologically—an idea which 
Leydig (1867) had already entertained. Recently George has 
subscribed to this view and with Berlese recognizes that the 
spermatheca may be developed from the seventh, eighth, or 
ninth stemites. No attempt, however, is made to elucidate the 
phytogeny of the organ. This is done by Singh-Pruthi, who, 
finding that the spermathecal rudiment in Tenebrio (Coleo- 
ptera) originates as an invagination from the ninth stemite, 
postulates this as the primitive condition for insects. 

My observations above entirely support the conclusion of 
Leydig, Berlese, and George that the spermatheca is not always 
homologous. In Locustidae (Locustana and Colemani.a), 
Gryllidae (Gryllus), Phasmidae (Dixippus), Forficulidae 
(Forficula), the spermatheca originates as an invagination 
from the eighth sternum independently of the common oviduct 
invagination. It opens in this position and manner also in the 
adult. Examination of adults of Tettigoniidae (Phasgonura, 
&c.), Mantidae (Mantis), and Blattidae (Blatta, Peri- 
planet a) show the spermatheca to open similarly. In Blat- 
tella (Blattidae) an anomalous condition exists in that four 
spermathecae are present which originate from, and open on, 
the seventh interstemal membrane. B1 a 11 e 11 a, then, secon¬ 
darily departs from the common orthopteran condition where 
the spermatheca originates and opens between the bases of the 
anterior ovipositor lobes on the eighth sternum as a comparison 
with other Blattids shows, and as is indicated by its recapitula¬ 
tion during development of the spermathecal invagination from 
the eighth; its spermathecae in no way correspond morpho¬ 
logically with those of the other Orthoptera. Eurther cases of 
the morphological diversity of the spermatheca may be cited, 
for instance its origin in Homoptera as a diverticulum of the 
common oviduct invagination from the seventh sternum 
(George) and in Coleoptera as an invagination from the ninth 
(Singh-Pruthi). 

It is evident by now that the term ‘ spermatheca ’ has a 
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‘ functional ’ rather than ‘ morphological ’ significance. Yet it 
seems to me that it may be connoted morphologically as well. 
It has been shown above (VII (d), pp. 62-67) that accessory 
genital invaginations from the eighth and ninth sterna, between 
the ovipositor lobes, represent an ancestral condition for Ortho- 
ptera and almost certainly for insects in general. Now it appears 
to be significant that a spermathecal function can be related 
with remarkable frequency to the accessory genital invagina¬ 
tion^) on the eighth sternum. And further that in the ad¬ 
mittedly primitive and generalized insects this association is 
almost universally true. The conclusion is therefore not un¬ 
warranted that the spermathecal function was primitively allo¬ 
cated to an invagination or invaginations from the eighth 
sternum in insects in general. To consider the lower orders first. 
It has been shown above that the spermathecal function is rele¬ 
gated to such an invagination(s) in all groups of the Orthoptera 
and also in the Dermaptera. In Blattidae the one exception 
noted, Blattella, proves the rule as the common condition 
is recapitulated during ontogeny. In other ‘ orthopteroid ’ 
insects the spermatheca is likewise an invagination from the 
eighth sternum, in Plecoptera (Klapalek, 1896), Odonata 
(diverticulum from eighth invagination, George), and almost 
certainly in Isoptera, as the figures and descriptions of Holmgren 
(1909) and Imms (1919) show by comparison with the related 
Blattids, although these authors do not agree in numerically 
designating the genital segments; in the Thysanura 
(Machilidae, Oudemans, 1888; Lepismidae, Oampodeidae, 
Japygidae, Grassi, 1888) as well, although Grassi differs from 
Oudemans in considering the general cavity as a * vagina ’ and 
thus describes the spermatheca as a dorsal diverticulum of the 
latter. In Petrobius I have found that the two sperma- 
thecae originate separately and independently of the common 
oviduct at the bases of the coxites. 

Considering other Orders, the spermathecal imagination be¬ 
longs to the eighth sternum in the Heteroptera (Ludwig, 1926) 
and apparently also in the Thysanoptera (Klocke, 1926). In 
Diptera Christophers (1928) and Christophers and Barraud 
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(1926) describe the spermatheca as originating from the eighth 
sternum or possibly between the eighth and ninth (cf. the 
secondary intersegmental position of this invagination in For- 
ficula). In Lepidoptera Jackson (1890) and Verson and 
Bisson (1896) describe the 4 bursa copulatrix ’ as developing 
from the eighth sternum. The single genital opening of Micro- 
pterygidae is evidently secondary, as Tillyard (1922) has dis¬ 
covered in the pupa of Sabatinca what is apparently a 
vestigial second genital opening, and such an opening has been 
noted on the eighth sternum in the pupa of Mnemonica by 
Mosher (1916). 

It remains to consider the opposing view of Singh-Pruthi, 
who is apparently the only author who has dealt with the 
primitive position of the spermatheca. Singh-Pruthi’s hypo¬ 
thesis that the spermatheca is primitively developed as an un¬ 
paired invagination from the ninth sternum can readily be 
shown to be untenable as it is not only open to grave objections 
but rests largely on incorrect data. An important objection is 
the observation of Jackson (loc. cit.) that the 4 bursa copulatrix ’ 
in Lepidoptera definitely develops as an invagination from the 
eighth sternum. Singh-Pruthi, recognizing this, devotes fully 
a page to discrediting Jackson’s interpretation asking (loc. cit., 
p. 880), 4 Why should the spermathecal opening, primitively 
behind the ninth sternite in all insects ( sic !), be behind the 
eighth in- Lepidoptera ? ' and further stating that the anterior 
opening should be the 4 uterus ’ opening, the posterior the 
spermathecal. That the anterior genital opening in Lepido¬ 
ptera is the eopulatory opening is such a well-established fact 
(see Poulton, 1890; Petersen, 1900 ; Stitz, 1901 ; Berlese, 
1909; Deegener, 1918-21; Imms, 1924, &c.) that it is diffi cult 
to understand Singh-Pruthi’s denial of this. His further state¬ 
ment that the spermatheca opens primitively behind the ninth 
sternum in all insects is entirely unfounded, as is apparent from 
the facts marshalled above and it certainly does not open on the 
ninth sternum in Blattidae and Acridiidae (Locustidae) as 
stated by this author (loc. cit., p. 879). Par from representing a 
primitive or even common condition, the spermathecal invagina- 
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tion from the ninth sternum in Tenebrio appears to be 
exceptional and specialized. 

(/) Concluding Remarks. 

The ovipositor lobes on the eighth and ninth abdominal 
sterna appear in a different light now that the primitive position 
of the gonopores has .been established between the seventh and 
eighth sterna. These structures, which are undoubtedly de¬ 
rived from former appendages (see II (a), pp. 27-29), probably 
first subserved a copulatory and fertilizing function, rather than 
an ovipositing one—a plausible suggestion considering that 
sperm was primitively passed to the female probably by means 
of portable spermatophores, and the probable allocation primi¬ 
tively of a spermathecal function to the accessory genital 
invagination(s) between the bases of the appendages of the 
eighth sternum. 

In conclusion, two general tendencies in the specialization of 
the oviducal system remain to be noted. Berlese (1909) ob¬ 
served that in general in the higher groups the gonopore tends 
to be more posteriorly placed. This is given an ontogenetic 
basis above and a phylogenetic significance. A tendency is 
further evident for an ever-increasing exploitation of the ecto¬ 
derm—witnessed in the posterior extension of the common 
oviduct—within the higher groups a possible encroachment into 
the mesodermal oviducts and an eventual replacement of 
these—a tendency already noted by Deegener (1913-21). 
Bruel (1899) in Calliphora (Diptera) and Korschelt (1924) 
in Dytiscus (Coleoptera) found the paired oviducts to be 
definitely lined with ectoderm. As embryological evidence 
shows that these structures are definitely of mesodermal origin, 
this anomaly seems to me to depend on a secondary replacement 
of the mesodermal epithelium by hypoderm during develop¬ 
ment, broadly analogous perhaps with the replacement of the 
mid-gut epithelium by ectoderm in higher insects (see Mansour, 
1927). This point, however, must be settled ontogenetically, 
assuming that Bruel and Korschelt are correct in their findings. 
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In the Orthoptera studied by me the mesodermal epithelium of 
the paired oviducts is certainly not replaced by ectodermal 
epithelium. 

VIII. SuMMABY AND CONCLUSIONS. 

1. The anterior ovipositor lobes (ventral valves) of Ortho¬ 
ptera are serially homologous with the lateral ovipositor lobes 
(dorsal valves) and represent gonocoxites from which no telopo- 
dites, corresponding to the inner valves, are differentiated. 

2. The common oviduct originates as an unpaired ectodermal 
(hypodermal) invagination, in Blattella from the seventh 
interstemal membrane, in Locustana, Colemania, and 
Forficula between the seventh and eighth sterna, ending 
blindly, internally, between the ends of the mesodermal ovi¬ 
ducts lying near the posterior margin of the seventh sternum. 

8. In Blattella and Porficula the early condition is 
retained up to the adult stage; in Locustana and Cole- 
mania the common oviduct is secondarily extended pos¬ 
teriorly along the eighth sternum in the first instar, the gonopore 
coming to open in later instars, and in the adult on the inner 
reflexed surface of the eighth sternum. 

4. Grooves are present in the early stages of Locustana, 
Colemania, and Blattella, between the bases of the ovi¬ 
positor lobes on the eighth and ninth sterna, which become 
tubular anteriorly, giving rise each to an accessory genital 
invagination. The invagination from the eighth gives rise to 
the spermatheca in Locustana and Colemania; in 
Blattella it atrophies in late nymphal stages. The invagina¬ 
tion from the ninth gives rise to the paired colleterial gland in 
Blattella; in Locustana and Colemania it develops 
slowly and gives rise to a vestigial accessory genital invagina¬ 
tion. In Forficula no ovipositor lobes are present, and the 
invagination from the eighth arises practically intersegmentally 
between sterna 8 and 9. It also gives rise to the spermatheca 
in the adult. No accessory genital invagination is developed 
from the ninth sternum. 

5. In Blattella four spermathecae are present. They 
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originate as two pairs of separate hypodermal invaginations 
from the seventh interstemal membrane, morphologically pos¬ 
terior to the common oviduct invagination. 

6. The primitive position of the single gonopore in the Ortho- 
ptera and Dermaptera is between sterna 7 and 8, its position 
in present-day Locustidae, Tettigoniidae, Gryllidae on the 
eighth sternum being secondary. 

7. The spermathecal function was ancestrally associated with 
the accessory genital invagination from the eighth sternum in 
theOrthoptera. Thefourspermathecaeof Blattella represent 
secondarily developed structures which do not correspond to 
the spermathecae of other Blattids, e.g. Periplaneta and 
other Orthoptera. 

8. There is no evidence that part of the common oviduct is of 
mesodermal derivation or that it has a paired origin in the 
Orthoptera and in insects in general. 

9. A hypothetical ancestral condition of the oviducal system 
and accessory organs is deduced for insects in general. The 
paired mesodermal oviducts opened separately within the 
seventh interstemal membrane, two gonopores being present. 
Accessory genital invaginations, possibly paired, were present 
on the eighth and ninth sterna at the bases of the gonopods, a 
spermathecal function probably being associated with the in¬ 
vagination^) on the eighth sternum. Phylogenetic specializa¬ 
tion consisted in an early acquisition of an ectodermal common 
oviduct and single gonopore between the seventh and eighth 
sterna, possibly polyphyletic, and a later extension posteriorly 
of the common oviduct and single gonopore on to the eighth and 
on to the ninth sterna, this posterior extension having definitely 
taken place polyphyletically. 

IX. Acknowledgements. 

My sincere thanks are due to Professor P. Balfour-Browne for 
supervising this work and for the very keen interest he has 
taken in its progress. I am further greatly indebted to Dr. J. W. 
Munro for his interest in my work and for the many favours I 
have received at his hands. To Dr. C. J. George I am very 



74 


B. I. NEL 


grateful for his unfailing ■willingness to discuss with me the 
problems of the present research, for generously supplying me 
with the Oolemania material, and lastly for allowing me to 
refer to the manuscript of his then unpublished paper. 

Appendix. 

After the present paper had been completed, my notice was 
drawn to an important paper by Zander in which Loschel deals 
with the post-embryonic development of the oviducal system 
and accessory organs in the queen of the honey-bee. As this 
work (E. Zander, 1916, ‘ Die Ausbildung des Geschlechtes bei 
der Honigbiene (Apis mellifica L.). III. Die postembryonale 
Entwicklung des Geschlechtsapparates der Bienenkonigin ’, 
‘ Zeitschr. f. Angew. Entom.’, 8) seems to have escaped the 
notice of all recent workers on this subject (e.g. Singh- 
Pruthi, &c.) its main contents may be briefly considered. 
Loschel found the mesodermal oviducts to terminate in the 
seventh segment in the earliest larvae. The common oviduct 
originates from the posterior region of the seventh sternum 
and becomes secondarily extended on to the eighth. The 
spermatheea originates entirely independently of the common 
oviduct from a groove between the bases of the anterior 
gonapophyses (‘ lancets ’) as a paired invagination on the 
eighth sternum. The large poison gland (acid gland) originates 
from a similar groove between the bases of the inner gona¬ 
pophyses on the ninth sternum (‘sheath of sting’) as an 
unpaired invagination. These findings in the Hymenoptera 
strikingly support my main conclusions. In the adult the paired 
oviducts are ectodermal, and Loschel shows that a gradual 
replacement of the mesodermal epithelium takes place during 
development—thus providing a basis of observed fact to my 
supposition given in VII (e). 
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EXPLANATION OP PLATES 2-4. 

All figures are from camera lucida drawings. The ventral 
portions only of the genital segments are shown in cross-section. 

List of Common Abbreviations. 

acc inv, accessory genital invagination; amp, ampulla; an, anus; 
a ovip, anterior ovipositor lobe; ap, apodeme; basal portion of; 
ca , 4 boyau-calicial ’; coll gl, colleterial gland ; c od, common oviduct; 
c od gr, common oviduct groove; c od inv , common oviduct invagination; 
dpch, dorsal pouch; eclx, egg-calyx; eg, egg-guide; fld(s), fold(s) of 
genital cavity floor; fcps, forceps ; gen cav, genital cavity; gl c, tract of 
glandular cells; gr, groove; go, gonopore; i ovip, inner ovipositor lobe; 
int, intestine; lfid, lateral fold; lovip, lateral ovipositor lobe; lpch, 
lateral pouch; mes od, mesodermal oviduct; mu, muscles ; nc, nerve- 
cord ; ng, nerve ganglion ; o coll gl, opening of colleterial gland; ov, 
ovary; pa, paraproct; pet, pocket-like invagination; p gl, pygidial stink- 
gland of nymphs; rec, rectum; r-, rudiment of; s, sternum; spm, 
spermatheca ; spm duct, spermathecal duct; spm inv, spermathecal in¬ 
vagination ; spm gr, sperm-guiding groove; spm po, spermathecal pore; 
st, stylus ; subg pi, subgenital plate ; sup an pi, supra-anal plate; T, ter- 
gum; tra, trachea. 

Roman figures refer to the number of the abdominal segments morpho¬ 
logically. 
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Plate 2. 

Figs. 1-6.—Locust ana, early first instar nymph. Cross-sections from a 
series proceeding anteriorly from the caudal end of the abdomen. 

Fig. 1.—Through base of lateral ovipositor lobe rudiments showing groove 
(gr l) between them. x75. 

Fig. 2.—A few sections anteriorly showing groove becoming a tubular 
invagination, the rudiment of the accessory genital invagination (acc inv 1). 
X 350. 

Fig. 3.—Through base of anterior ovipositor lobe rudiments on eighth 
sternum showing their lateral attachment and the groove (gr 2) between 
them. x75. 

Fig. 4.—A few sections anteriorly showing groove becoming tubular, 
the rudiment of the spermathecal invagination (spminv or acc inv 2). 
x 350. 

Fig. 5.—Through anterior end of eighth segment near junction with 
seventh showing common oviduct invagination running out groove-like 
(c od gr) on its ventral surface, x 75. 

Fig. 6.—A few sections anteriorly showing incompletely tubular common 
oviduct invagination (c od inv). x 75. 

Fig. 7.—Cole mania, early first instar nymph. Cross-section through 
posterior part of seventh segment showing common oviduct invagination 
(c od inv) ending between the ampullar ends (amp) of the paired mesodermal 
oviducts (mes od). x 145. 

Figs. 8-12.—Colemania, 14 mm. (second instar of Locustana). 

Cross-sections from a series proceeding cephalad. x 125. 

Fig. 8.—Through base of lateral ovipositor lobes (l ovip) showing inner 
ovipositor lobes (i ovip) arising mesally as outgrowths from them and now 
bounding the groove (gr 1). 

Fig. 9.—Through base of anterior ovipositor lobes (aovip) showing 
eighth sternum overgrowing their bases. Note absence of outgrowths 
on their mesal margins. 

Fig. 10.—A few sections anteriorly showing spermathecal invagination 
(spminv) and the formation of a genital cavity (gen cav) by the over¬ 
growing eighth sternum. 

Fig. 11.—A few sections more anteriorly showing common oviduct 
(c od) opening into rudimentary genital cavity (gen cav). 

Fig. 12.—More anteriorly still showing genital cavity prolonged an¬ 
teriorly above common oviduct (cod) as a rudimentary dorsal pouch 
(dpch). 

Plate 3. 

Figs. 13—22. ■Locustana, fifth (last nymphal) instar. Cross-sections 
from a series proceeding ce phala d. x 40. 

Fig. 13. Through base of lateral ovipositor lobes showing tips of inner 
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ovipositor lobes (i ovip), posteriorly reaching anterior ovipositor lobes and 
tip of egg-guide (eg). 

Fig. 14.—More anteriorly showing inner ovipositor lobes fusing with 
lateral ovipositor lobes and enclosing a groove (gr 1). 

Fig. 15.—More anteriorly showing accessory genital invagination from 
the ninth sternum ( acc inv 1 ), anterior ovipositor lobes, subgenital plate 
(eighth sternum) with dorsal median egg-guide (eg). 

Fig. 16.—More anteriorly showing spermathecal invagination (spm inv) 
between anterior ovipositor lobes. 

Fig. 17.—More anteriorly through segment 8 showing lateral pouches 
from floor of genital cavity (l pch). 

Fig. 18.—More anteriorly through same showing common oviduct open¬ 
ing by means of gonopore (go) on floor of genital cavity. 

Fig. 19.—A few sections more anteriorly. 

Fig. 20.—More anteriorly showing genital cavity prolonged as a dorsal 
pouch (d pch) above common oviduct. 

Fig. 21.—At junction of seventh and eighth sterna showing paired meso¬ 
dermal oviducts (mes od) opening into common oviduct (c od). 

Fig. 22.—Through posterior region of seventh segment showing meso¬ 
dermal oviducts passing dorsally. 

Figs. 23-5.—Blattella, newly hatched first instar nymph. Cross- 
sections proceeding cephalad. x 150. 

Fig. 23.—Through ninth sternum showing rudiments of lateral ovipositor 
lobes (r- l ovip) and bases of styli (6- st) lateral to these. 

Fig. 24.—Through eighth sternum showing rudiment of anterior ovi¬ 
positor lobes (r- a ovip). 

Fig. 25.—Through posterior part of seventh segment showing ampullae 
(amp) of mesodermal oviducts (mes od). 

Figs. 26-32.—Blattella, 2nd instar (late). Cross-sections from a 
series proceeding cephalad. 

Fig. 26.—Through lateral ovipositor lobes, x 120. 

Figs. 27, 28, and 29.—Showing groove (gr 1) between lateral ovipositor 
lobes becoming a tubular invagination anteriorly (acc inv 1) which soon 
gives off two diverticulae (fig. 29). (The encroaching seventh sternum is 
cut before the eighth in fig. 29.) x 350. 

Fig. 30.—Through anterior ovipositor lobes, x 120. 

Fig. 31.—Through bases of anterior ovipositor lobes showing groove 
(gr 2) between them, x 120. 

Fig. 32.—Near junction of segments 7 and 8 showing common oviduct 
(codinv) originating from floor of genital cavity (seventh interstemal 
membrane) and ampullae (amp) of mesodermal oviducts (mes od) lying on 
either side of it. 

Fig. 33.—F orficula, third instar nymph. Median longitudinal section 
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showing spermathecal (spm inv) and common oviduct invaginations 
(cod inv). x80. 

Figs. 34-6.—Forficula, second instar nymph. Cross-sections from 
a series proceeding cephalad. x 120. 

Fig. 34.—Through junction of eighth and ninth segments showing 
spermathecal invagination ( spm inv) from eighth interstemal membrane. 

Fig. 36.—At junction of seventh and eighth segments showing common 
oviduct invagination (c od inv). 

Fig. 36.—A few sections more anteriorly, through posterior region of 
seventh segment showing common oviduct invagination ending blindly 
between ampullae (amp) of mesodermal oviducts. 

Plate 4. 

Figs. 37-44.—Blattella, fourth instar nymph (early). Cross-sections 
from a series proceeding cephalad. x 80. 

Fig. 37.—Showing lateral and inner ovipositor lobes (l and i ovip) and 
encroaching seventh sternum with formation of large genital cavity 
(gen cav). 

Fig. 38.—Through bases of lateral and inner ovipositor lobes showing 
groove ( gr 1) between latter. 

Fig. 39.—More anteriorly showing accessory genital invagination (col- 
leterial gland, acc inv 1). Note lateral folds arising from floor of genital 
cavity. 

Fig. 40.—More anteriorly showing lateral attachment of bases of anterior 
ovipositor lobes (a ovip). 

Fig. 41.—More anteriorly showing vestigial accessory genital invagina¬ 
tion (acc inv 2) from groove between bases of anterior ovipositor lobes. 
Note common oviduct invagination (c od inv) opening on floor of genital 
cavity. 

Fig. 42,—Near junction of seventh and eighth sterna showing ampullar 
ends (amp) of mesodermal oviducts lying ventrally on either side of com¬ 
mon oviduct invagination. 

Fig. 43.—A few sections more anteriorly showing paired origin of first 
pair of spermathecae (spm inv 1) from floor of genital cavity. Mesodermal 
oviducts proceeding dorsally. 

Fig. 44.—A few sections more anteriorly showing paired origin of second 
pair of spermathecae (spm inv 2) from floor of genital cavity. 

Fig. 45.—Colemania, 22 mm. (fourth instar of Locustana). 
Median longitudinal section showing relations of ovipositor lobes, common 
oviduct, genital invaginations, x 45. 

Fig. 46.—Blattella, fourth instar (late),—Portion of longitudinal 
section through genital segments, near midline, showing the subgenital 
plate enclosing a genital cavity (gen cav) and the relations of the genital 
invaginations to this, x 75. 
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Figs. 47-9.—Blattella, sixth (last nymphal) instar. Cross-sections 
from a series proceeding cephalad. x 45. 

Fig. 47.—Through genital cavity showing folds with tracts of glandular 
cells (gl c) at their bases, and also ovipositor lobes. 

Fig. 48.—Near anterior end of genital cavity showing common oviduct 
traversing fold formed by the invagination or pocket (pet) beneath it. Note 
first pair of spermathecae (spm 1) and the spermathecal ducts (spm det 1 
and 2 ). 

Fig. 49.—More anteriorly showing mesodermal oviducts (mes od) opening 
into common oviduct invagination. Laterally lie the second pair of sperma¬ 
thecae (spm 2). 

Fig. 50.—B lattella, sixth instar (early).—Portion of longitudinal sec¬ 
tion through genital segments, near midline (slightly oblique), showing 
spermathecal and common oviduct invaginations from floor of subgenital 
plate (seventh interstemal membrane), &c. x 65. 

Figs. 51-4.—Blattella. Adult female (newly moulted). Cross-sections 
from a series proceeding cephalad. x 45. 

Fig. 51.—Through genital cavity showing lateral folds (l fid), also ovi¬ 
positor lobes. 

Fig. 52.—More anteriorly through genital cavity and ninth segment 
showing common opening (o coll gl) of colleterial glands (coll gl) between 
bases of inner ovipositor lobes. 

Fig. 53.—More anteriorly showing median longitudinal tract of glandular 
cells (sgl) marking position of atrophied accessory genital invagination 
between bases of anterior ovipositor lobes. Note dorsal sperm-guiding, 
groove (spm gr) on fold carrying common oviduct. 

Fig. 54.—A few sections more anteriorly showing openings of sperma- 
theeal ducts (spm det 1 and 2) into sperm-guiding groove {spm gr); also 
common oviduct, first pair of spermatheca ( spml ) and paired oviducts 
(mes od). 
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1. Introduction. 

Whilst examining sections of Lepidopterous larvae, with a 
view to following some of the main features of their meta¬ 
morphosis, it was forcibly impressed upon me that an accurate 
interpretation of the structure of the mid-gut was impossible. 
Examination of available literature merely served to emphasize 
the confusion of ideas. The present work was accordingly under¬ 
taken, large numbers of larvae being collected, and the problem 
studied by the ordinary methods of micro-technique. 
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facilities granted to me in the prosecution of this work. I must 
further acknowledge my indebtedness to Mr. L. Eastham for 
guidance and encouragement during the early stages of the 
work. Lastly, my best thanks are due to Dr. A. D. Imms, who 
allowed me to finish this work at the Entomological Laboratories 
of the Eothamsted Experimental Station. 

2. Technique. 

The technique developed was such as to give good histological 
detail. A eytological study was not attempted. The earlier 
results were often far from satisfactory in spite of great varia¬ 
tion in fixing methods. Fixing fluids tried included Flemming’s, 
chrome-osmic, picro-chlor-acetic, Camoy’s, acetic-alcohol, and 
10 per cent, formalin. The double-embedding method usin g 
celloidin and wax was later adopted and thereafter the prepara¬ 
tions were greatly improved and were sometimes extremely 
good. I would here acknowledge my indebtedness to Mr. H. 6. 
Newth for much technical assistance and advice. The fixatives 
giving best results were Camoy’s fluid and 10 per cent, 
formalin. This latter gave surprisingly good fixation as a rule, 
provided it was followed immediately by 70 per cent, or 90 per 
cent, alcohol. Whole larvae (not dissected-out intestines) were 
employed, since it is hoped to investigate other organs in the 
same material in a subsequent paper. The staining methods 
were varied to include Delafield’s haematoxylin, Heidenhain’s 
iron haematoxylin, Mayer’s acid haemalum, and haematein 
(in 70 per cent, alcohol), but eventually only the iron haema¬ 
toxylin and the acid haemalum were persevered with. Counter¬ 
stains employed include eosin, orange G, and aurantia. losin 
gave its best results when used in aqueous solution and then 
differentiated in 70 per cent, alcohol containing a trace of 
orange G. It was found advisable to keep the counterstaining 
very feeble. 

The material was collected on several field expeditions. 
Several large batches of eggs were also found. The instars were 
found to be five in number and the larvae had a characteristic 
head-width in each instar. The maximum deviation from the 
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average in each instar never rose to a value which made con¬ 
fusion possible. The characteristic widths were found to be 
0-88 mm ., 0-69 mm ., 1*18 mm., 1*95 mm., and 2*67 mm. respec¬ 
tively in the five instars. 

In most cases whole or half larvae were cut transversely and 
longitudinally. The longitudinal series of course had some 
sections in which the gut was cut tangentially. These were of 
the greatest value, especially in the taking of cell measurements. 
In ordinary transverse sections of the gut it was not always 
possible to be absolutely sure of the cell limits, especially as it 
proved impracticable as a rule to cut at less than 8 /a. It was 
here that the tangential sections proved their value, as it was 
possible to follow individual cells through several sections. The 
information thus obtained rendered the interpretation of the 
transverse sections certain. 

3. Structure and Development of the Mid-Gut. 

(a) The First Instar. 

In a newly hatched larva the mid-gut is relatively very large, 
being 188 /x in diameter; the whole larva is 193/x in the same 
diameter (dorso-ventral). The gut lumen contains only a little 
plasma-like material, probably the remains of the egg-yolk. 
The epithelium consists of cells about 28 ju. high, carrying a 
striated border 1-5 /a high. There are three kinds of cells present 
(fig. 1, PI. 5), ordinary columnar epithelial cells, goblet cells, 
and very scattered, infrequent interstitial cells. The columnar 
cells are the ones possessing a striated hem. They are not par¬ 
ticularly specialized and are 8-10 y. in diameter. The nucleus has 
the form of a chromatic mass immersed in a large vacuole. 
Hertig (1928) describes a similar state in living gut cells of adult 
honey-bees. The goblet cells have the same form as the 
columnar cells, but the upper half of each is occupied by a 
typical goblet. The nucleus is contained in the basal mass of 
cytoplasm. In one individual the goblets are 3-5 /a in diameter, 
but in another they may be 7 /a. This is taken as evidence that 
they are in process of formation and that differentiation is pro- 
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eeeding. Later in the instar the increase in size is very marked. 
The contents of the goblet have the same affinity for counter- 
stain as the striated border and appear to consist of a closely 
packed mass of fibrils, in fact they are not optically distin¬ 
guishable from striated border. Neither in this nor later stages 
has it been possible to determine the exact fate of the goblet 
cells or of their contents. As new goblet cells are undoubtedly 
added periodically, and their total number does not appear 
materially to increase, there must be some mode of disappear¬ 
ance, but it has not been possible to trace this as yet. 1 On 
the whole the goblet cells tend to be slightly smaller than the 
columnar cells. The interstitial cells are not very numerous ; 
their bulk is mainly nucleus ; this latter, is usually 2-8 /i in 
diameter. It seems highly probable that the interstitial cells 
are really embryonic rudiments (i.e. sister cells of the ordinary 
epithelial cells). This is the mode of origin ascribed to appar¬ 
ently similar cells in both Calliphora and Polistes by 
Perez (1910 and 1912). Only a further study of the late 
embryonic stages can definitely prove this. 

During the first instar very considerable changes in the 
structure of the gut occur (fig. 2, PI. 5). First the gut becomes 
about 250 /i in diameter, whilst its constituent cells have nearly 
doubled in size. The fact that the total diameter of the gut 
increases in the same ratio as the size of the cells proves that 
few, if any, new cells have been added. 

The columnar cells are usually cylindrical and in tangential 
sections are shown to be about 15 /i in diameter. In a few cases, 
however, they are clearly elongated along the antero-posterior 
axis of the gut and have measurements of the order of 22/4 x 
12/i. The nuclei are ovoidal and roughly about 10/i across. 

The goblet cells are also about twice as large as at the begin¬ 
ning of the instar. They have the same general features, but 

* Fig. 4, PL 5, represents an unusual appearance which, seemed at first 
to indicate that a goblet cell might be converted into a columnar cell by the 
eversion of the goblet, or that a columnar cell might be converted into 
a goblet cell by invagination of the striated border. Further study 
convinced me that neither of these processes occurred (v. pages 

\ Jr O 
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the goblet extends much farther into the cell; the basal cyto¬ 
plasm occupies 10—20 ft in a cell about 40ft high. The goblets 
appear to have a definite opening into the lumen and to contain 
a closely packed mass of fibrils, again indistinguishable from 
the striated border fibrils. Both these latter and the contents 
of the goblets are about twice as long as at the beginning of the 
instar: The goblets as seen in tangential sections are about 
14ft across ; the nucleus of these cells is about 5 ft in diameter, 
so that*it has not increased in size to anything like the same 
extent as the cell as a whole. 

The interstitial cells are very numerous and form a complete 
network, in the meShes of which stand the columnar and goblet 
cells. The nucleus is well marked and is about 5ft across. Cell 
limits are not easily discerned, and—probably owing to recent 
nuclear division—are not yet present in many instances (vide 
fig. 2, PI. 5). It is noteworthy that whilst having very largely 
increased in numbers they have also increased in size in about 
the same ratio as the rest of the gut. 

Examining the data obtained in the light of the later stages 
described below, it would appear that the development of the 
mid-gut during the first instar is merely the continuation of 
embryonic processes. A stable condition is reached only at the 
very end of the instar. After this latter point has been reached 
the changes which occur are cyclical, and repeated in each 
instar, except the last. The evidence on which this view is 
based is (1) the general increase in the size of the cells to a 
point which is then more or less constant throughout larval life 
(vide table, p. 98), and (2) the absence of any fully differen¬ 
tiated cells during the early part of this first instar. Thus the 
true point of division between embryonic and larval stages is 
the end of the first instar, and not the moment of hatching as 
would be imagined a priori. The first effect ,of the intake of 
plant food is apparently to produce a great increase in the size 
of the cells. This may be due to water absorption from the leaf 
material eaten. 
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( i ) The Second Instar. 

The earliest phase yet seen in this instar shows quite plainly 
that round about the period of the ecdysis much cell differentia¬ 
tion has occurred. In main essentials, however, the gut has the 
same features as at the end of the first instar : there are inter¬ 
stitial cells, colu mn ar cells of very varied sizes, and goblet cells 
of two definite different sizes. 

The mid-gut is approximately 300 ft in diameter anteriorly 
and 350ft. posteriorly. There is thus an increase in diameter of 
roughly one-fifth to two-fifths, i.e. from 250 ft to 300/t or 850ft, 
over the diameter noted at the end of the first instar. Whilst a 
few of the col umn ar cells are definitely larger than at the end of 
the first instar, it seems more likely that the increase in size 
is due to growth and differentiation of interstitial cells. In 
this latter case the cells can be spoken of as being added to 
the gut from the interstitial nests. 

The interstitial cells are very definite (fig. 3, PI. 5) and have 
nuclei which vary in size between 5 ft and 3 ft. Mitotic figures 
are to be observed. 

From these interstitial cells there are many gradations in 
size up to the largest columnar cells. Many of these may be 
young goblet cells, but no feature has been found which will 
distinguish a young goblet cell from a young columnar cell. 
Most of the columnar cells are 10-17ft in diameter, i.e. they are 
unaltered from the previous instar. .There are obviously two 
different sizes of goblet cells present. One of these has the 
goblet 10-17ft in diameter (about the same as in the late first 
instar), and the other has the goblet about 5-7ft across. It is 
presumed that these latter are newly differentiated from inter¬ 
stitial cells. The contents are unchanged and still appear to be 
closely similar to the striated border. At a later stage in this 
instar development can be seen to have proceeded much further 
(fig. 5, PL 5). The interstitial cells are very numerous and 
show many mitotic figures. The nucleus is only 2-3 /t in diameter. 
We saw that earlier in the instar these nuclei were 3-5 /z in 
diameter, and at the end of the first instar were all about 
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5/x. across. It is thus to be concluded that reduction in size 
accompanies the increase in numbers in this ihstar. The 
columnar cells are not very different from the two previously 
described phases, although there may be more of the very large 
ones. A few typical measurements as taken in cross-sections of 
the cells are 20x34, 28x24, 13x13, 8x12, 18x13, 17x13 
(all in p). Many of these cells, especially the larger ones, have 
vesicles attached to their lumen ends. These seem very similar 
in appearance to what are usually described as secretion 
globules (Bordas, 1911; Deegener, 1909). In this case I prefer 
to regard them as due to disintegration of the cells. The reasons 
for adopting this view may be stated as follows : (a) Feeding is 
continuous throughout both first and second instars. If these 
vesicles were digestive secretion, their production should also be 
either continuous or in rapidly alternating cycles. They have not 
been observed in any stage earlier than the late second instar. 
(b) The production of these vesicles has only been definitely 
observed from the very large columnar cells and not from the 
small ones, (c) The vesicles may contain portions of the nucleus 
or all of it. 

Van Gehuchten (1890), who seems to be the main authority 
quoted in support of this view of gut secretion, also makes the 
latter observation. As the main concern of this paper is not 
to investigate secretion, the question will be discussed further 
in the concluding part. 

The goblet cells are practically unchanged from the condition 
described for the earlier part of the instar. They still show two 
definite size categories, large with goblets 10-17 p across, and 
small with goblets only 7/* across. 

(c) The Third Instar. 

At a stage shortly after the ecdysis between the second and 
third instar it can easily be seen that cells of all sizes are pre¬ 
sent. The small and intermediate sizes are arranged in groups 
and have obviously been derived from nests of interstitial cells 
(fig. 6, PI. 5). Many of the medium-size cells have small goblets 
within them and are interpreted as newly formed goblet cells. 
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A large amount of granular matter is to be seen between the 
cells and the peritrophic membrane. This is derived from the 
break-up of the above-mentioned vesicles. As in the last case, 
where these vesicles can be seen attached to cells, it is the very 
large colu mn ar cells which are concerned., As before, this is 
taken as evidence of cell disintegration. * The largest columnar 
cells present may be 20-80 ^ in diameter and have correspond¬ 
ingly large nuclei. The goblet cells again show two definite size 
categories. In one of these the goblet is 10 p in diameter and in 
the other it is 5-6 ju, in diameter (nuclei 7/x and respectively). 
In a few instances the goblet extends to the very bottom of its 
cell. These facts are interpreted as follows : the smallest goblet 
cells have been newly formed from interstitial cells in the period 
just following the ecdysis. The larger ones, 10/x across, are the 
same as the cells described at the end of the second instar as 
being 5-7 ^ across ; they have further differentiated during this 
period. The very large goblet cells found at the end of the 
second instar are possibly represented by the very few large ones 
in which the goblet extends to the very bottom of the cell. 
Most of their sister cells have disappeared in some manner 
undetermined (vide table, p. 98). 

At a slightly later stage in the instar the various kinds of cells . 
become very clearly marked off from one another (fig. 7, Pl. 5). 

The interstitial cells are now very numerous, have nuclei 
about across, and show a few mitotic figures. The distinction 
between these cells and all others is such as to prove that no 
differentiation of these cells is now taking place. This is taken 
to indicate that cell differentiation only occurs just after the 
ecdysis and the period immediately following. During the 
remaining part of the instar cell division constitutes the chief 
if not sole activity of these cells. 

The columnar cells vary considerably in size and are often 
drawn out in the direction of the long axis of the gut. Typical 
measurements are 12x12, 60x12, 36x15, 14x8, 30x14, 
55 x 8 (in /x). In cases like this it is essential that all cell measure¬ 
ments should be taken on tangential sections to avoid variation 
due to direction of section. Some of these big cells appear to 
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have a fragile nucleus which may be as much as 80 fi in diameter. 
The goblet cells do not obviously fall into different size cate¬ 
gories, and are in most cases 8-1 2 /a across the goblet. At the 
anterior end of the gut most of the goblets pass to the bottom 
of the cell, but at the posterior end they only reach half-way 
down. This is taken as meaning that the young goblet cells 
formed at the beginning of the instar have developed at a rapid 
rate and have caught up with more developed ones present from 
the end of the second instar. The contents of the goblets are still 
indistinguishable from the striated border. 

In the resting period immediately preceding the next ecdysis 
the gut shrinks considerably in diameter, the cells become 
laterally compressed, tall and narrow. So much is this the case 
that most of the very large columnar cells obviously bulge into 
the lumen. The goblet cells are long and narrow, the goblets 
being 8-10fi in diameter by 35 p in length. They do not in many 
cases extend to the bottom of the cell. The interstitial cells are 
very numerous and extend far upwards between the bases of 
the epithelial cells. In most cases their nucleus is about 5/t in 
diameter. There are no vesicles or granular matter in the gut 
at this stage. 

Examination of these three stages shows quite definitely that 
during the third instar the following phenomena occur: large 
numbers of interstitial cells differentiate at the beginning of the 
instar, some cell disintegration occurring at the same time. 
Further development of these cells proceeds throughout the 
instar until they catch up with older cells carried over from the 
previous instar. The interstitial cells continuously divide until 
very great numbers are present at the end of the instar. 

(d) The Fourth Instar. 

Three different stages in this instar have been examined. 
The first of these is earlier in the instar than any previously 
described phases and shows quite definitely that cell differentia¬ 
tion commences only after the casting of the skin. The second 
stage is comparable to the stages described first in previous 
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instars. The third is exactly comparable to the later stages 
of the other instars. 

The first is taken immediately after ecdysis (fig. 9, PI. 5). 
An extremely large number of cells are present. In tangential 
sections columnar cells of various sizes and goblet cells almost 
uniformly 10/t across can be seen. These are separated from 
each other by large numbers of interstitial cells. There is a 
complete gradation in size from the smallest of these to the 
largest columnar cells. It is therefore presumed that cell dif¬ 
ferentiation is rapidly proceeding. No small goblet cells have 
yet been formed, but as in the stages described at the end of the 
third instar, many at the hind end of the gut only extend half¬ 
way or less down the cell, although 8-10/x in diameter. Some 
of the interstitial cells are already beginning a new cycle of 
divisions since one mitotic figure has been observed. 

The second stage examined in this instar is fairly similar to 
the earliest stages seen in the previous instars. Differentiation 
has further proceeded. Pig. 10, PI. 5, shows definitely two 
different sizes of goblet cells. One of these is roughly 6-6 n in 
diameter and the other 12—18/4. The smaller ones must be 
newly differentiated and the larger ones must have been carried 
over from the previous instar and correspond to those described 
as being 8-10/t across at that time (cf. table, p. 98). The 
columnar cells are of many sizes, the largest being of the order 
of 55 j i along one diameter; many are cylindrical and about 
20 n across. There are many smaller ones arranged in groups 
round the larger ones, thus suggesting their recent formation 
from interstitial cells (cf. also the arrangement of the young 
goblet cells in fig. 10, PI. 5). The interstitial cells are not very 
numerous, have nuclei 2-8/t across, and show a few mitotic 
figures. 

The latest stage examined in this instar shows a condition 
similar to that illustrated for the third instar in fig. 7, PI. 5. 
The interstitial cells are numerous, well marked, and show 
occasional mitotic figures. The columnar and goblet cells are 
well defined and differentiation of new cells has ceased. The 
interstitial cells have nuclei almost uniformly 4/* across. As 
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before, the columnar cells may be 10 /* in diameter and cylin¬ 
drical, or plate-like and 50 n along their longest diameter. As 
in the previous phase, the goblet cells are sharply divisible into 
two size categories, one 5-8/x in diameter and the other 11—18 ft. 
This is taken as meaning that the small ones have enlarged 
slightly whilst the larger ones have not altered. The goblets are 
Btill lined by material which is optically indistinguishable from 
striated border. 

- Before describing the changes undergone by the gut during 
the fifth instar, it would perhaps be advisable to recapitulate 
the main results achieved up to this point. The fifth instar is 
different and complicated by the approach of the metamor¬ 
phosis. 

We have seen that the first instar is characterized by a con¬ 
tinuation of embryonic development. The gut reaches its full 
differentiation only at the end of this instar. At each ecdysis 
subsequent to hatching, i.e. first to third, many new gut eells 
are added from interstitial cells, which then spend the rest of 
the instar recuperating their numbers. Put in another way, each 
of the second, third, and fourth instars has a cycle of develop¬ 
ment which may be divided into two parts: (1) an early one 
in which cell differentiation rapidly proceeds, and (2) a con¬ 
tinuous period throughout the instar in which interstitial cells 
are dividing; this process is very rapid at the end of the instar 
when differentiation has ceased. These two periods may have 
some connexion with the two growth-rates per instar described 
by Yagi (1926). 

A table summarizing the cell measurements and indicating 
the cell sizes will be found on p. 98. 

(e) The Fifth Instar. 

The main features of the gut as observed during this instar 
are really pre limin ary to metamorphosis. In nature they are, 
I believe, essentially processes of cell disintegration. It has to 
be borne in mind that there are two factors to be taken into 
account: disintegration processes which are actually part of 
metamorphie changes, and disintegration processes like those 

NO. 289 H 




Arrows indicate what are thought to be sequences in development. 
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described in previous instars. Owing to the fact that suitable 
stages of Yanessa were not obtained, the last two stages were 
taken from material of Pieris brassicae. This does not 
appear to affect the issue materially. 

Quite early in the fifth instar notable changes can be seen to 
have occurred (figs. 11 and 12, PI. 5). The interstitial eells are 
now of rounded form and very considerably larger than in 
previous instars. They have the form and appearance of the 
imaginal gut cells, and will be called by this name from now 
onwards. These cells may be 20/tXl2/i, their nuclei 10/x, in 
diameter. They are not nearly so numerous as at subsequent 
stages, but their division has not been observed. Itisbelievedthat 
they arise from interstitial cells, some of which remain behind 
(fig. 18, PI. 5). The contents of the goblets appear to have shrunk 
somewhat away from the cell walls (fig. 12, PI, 5). They consist 
of a very darkly staining central mass (not always present) sur¬ 
rounded by the fibrillar material previously described. These are 
interpreted as changes incidental to metamorphosis. Thefibrillar 
material is much less obvious than in previous phases. This may 
account for the failure of those other authors whose work was 
mainly confined to later stages to realize the significance of these 
appearances. The columnar cells appear to be much more uni¬ 
form in size than in any previous instar, except the first. They 
are 12-15/x in diameter and about 60 /a high. The nuclei are 
pear-shaped and lQp x20/a or thereabouts. Many of these cells 
have granular protrusions attached to their lumen ends, whilst 
many vesicles are to be seen free in the lumen (fig. 11, PL 5). 
These are also interpreted as changes indicating cell disintegra¬ 
tion preparatory to metamorphosis. 

A much later stage taken from Pieris brasBicae material 
shows essentially the same features but much more pronounced. 
There is a large amount of granular matter in the gut, whilst 
the goblets of the goblet cells are represented only as a shapeless 
darkly staining mass (fig. 18, PI. 5). The number of imaginal 
cells has greatly increased, so that they now form an almost 
complete epithelium underneath the larval gut cells. 

The last stage is shown in Text-fig. 1. It merely represents 

h 2 



100 


H. HENSON 


the easting off -wholesale of the larval cells into the gut lumen 
■where the processes of disintegration become complete. The 
fmfl.grna.1 gut cells are left behind to form a new epithelium. 
These changes, however, belong to the metamorphosis proper 
and have been dealt with by Deegener (1908)inMalacosoma 
castrensis. 


Test-pig. 1. 



Imag. ep.=imaginal epithelium. 
Lar. ep.=larval epithelium. 


4. COBBELATION WITH PbEVIOUS WOBK. 

It is not proposed here to deal with the whole of the vast 
literature on the insect mid-gut. Good bibliographies are to be 
found in most of the papers cited at the end of this work. 

The earliest paper which need concern us is undoubtedly that 
of Van Gehuchten (1890). It is important because it is the 
foundation of the current idea that the granular protrusions 
seen' on the epithelial cells are secretion vesieles. A critical 
examination of this paper shows that the thesis is far from being 
proved. Statements appearing in the paper are: * the gut has 
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two definite kinds of cells, secreting and absorbing ’; ‘ the 
secreting cells give rise to globular protrusions which are the 
secretion product f . Other statements which appear to me to 
be of considerable importance are the following: * when these 
globules are present the cell has no striated border ’; ‘ about 
the time of metamorphosis numerous small cells appear in rows 
round the bases of the epithelial cells ’; * in living animals the 
secretion is clear, not granular—it has not been possible to 
analyse the globules, but they are obviously rich in albu¬ 
minoids There is no mention of the particular phase of the 
life-history dealt with, except that larvae in which the gut had 
cleared preparatory to metamorphosis were never used. Van 
Gehuchten further states that the nucleus is sometimes carried 
out with the secretion and that the cell then dies, to be replaced 
from small cells found low down on the basement membrane. 
It must be admitted that none of these statements is really 
inconsistent with the idea that the phenomena are due to cell 
disintegration ; at least it cannot be pretended that the existence 
of an act of secretion has been proved. Balbiani (1890) in his work 
on the Myriapod Gryptops does not go beyond what is war¬ 
ranted by the observations. He also finds two kinds of cells : 
(1) ordinary epithelial cells and (2) mucous or caliciform cells 
(presumably=goblet cells). As in the present work, he finds that 
these' latter arise from interstitial cells. They enlarge during 
development and become full of mucus, but they have never 
been seen to discharge. 

Later authors have taken Yan Gehuchten’s work as standard 
and have made no attempt to prove that the process is really 
one of cell secretion. They have been-mainly concerned with the 
question as to whether the goblet and columnar cells are dimor¬ 
phous or merely different functional phases of the same cell. 
Yignon (1901) says that the goblet cell is not a phase in the 
development of the cylindrical cell. Deegener (1909) could not 
decide (in Deilephila euphorbiae) whether they were or 
were not functional phases of the same cell. He ascribed a 
seShwory function to both kinds of cells and attempted to corre¬ 
late the appearance of the cells with periods of eating and fast- 
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mg. He was using chiefly larvae of the last instar. Bordas(1911) 
again states that the* vesicules saillantes ’ are secretion products. 
Hufnagel (1918) gives an account of some larval stages in 
Hyponomeuta padella with which the present paper 
agrees fairly well. 

Pavlovsky and Zarin (1922), working on the honey-bee, say 
that the formation of bladders is artifact. Newcomer (1914) 
also thinks they may be artifact, but follows up the statement 
with: ‘ they are more likely to be drops of digestive fluid such 
as Van Gehuchten has described in Ptychoptera’. A few 
paragraphs on the silkworm, in the same work, agree well with 
my own findings. 

Two of the most recent papers on this subject are by Shinoda 
(1926 and 1927). He also says ‘ that the secretion is emitted in 
the same manner as described by Van Gehuchten ’. He then 
chooses arbitrarily a sequence in which a columnar cell emits 
secretion, becomes acidophile and develops a goblet; this latter 
stage is described as the second stage of senescence. This is at 
variance with my observations. Goblet cells are shown in this 
paper to be present at the time of hatching and to display from 
the first a striated border round the goblet cavity. Shinoda has 
overlooked thesefacts. He describes the goblet as a small quantity 
of acidophile cytoplasm with a goblet-like form. It is submitted 
here that the contents of the goblets cannot be described as 
cytoplasm. Shinoda further says that he did not find periodic 
recovery but continuous cell regeneration. It will be seen that 
the present paper postulates a periodic cycle in every instar. 
This agrees with Verson (1897), Tchang-Yung-Tai (1928), and 
Haseman (1910). 

5. Summary. 

1. The mid-intestine of Vanessa urticae has three 
separate categories of cells, interstitial cells, goblet cells, and 
ordinary columnal epithelial cells. 

2. The interstitial cells renovate the epithelium by the addi¬ 
tion of new cells at each larval ecdysis. 

3. There is a period at the beginning of each instar during 
which cell differentiation occurs (from interstitial nests). This 
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process soon ceases. Cell division by mitosis occurs amongst the 
interstitial cells throughout the instar. 

4. No good evidence could be obtained that the goblet cells 
and columnar cells are homomorphous. The goblet cell cannot 
become a columnar cell because it undergoes a cycle of growth 
and differentiation which diverges increasingly from the col umna r 
type. Similarly the goblet cells cannot be derived from senes¬ 
cent columnar cells because they are present at the time of 
hatching. Both are derived by independent modification 
of interstitial cells and are therefore dimorphous. 

5. The goblet cells contain material which is optically indis¬ 
tinguishable from striated border. 

6. It has been shown that in this animal the so-called mero- 
crine method of secretion of the gut cells may not be a secre¬ 
tion process at all. The alternative view that the formation of 
* secretion ’ vesicles is really a process of cell disintegration, due 
to wear and tear, or to the incidence of metamorphosis, is here 
favoured. 
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EXPLANATION OP PLATE 5. 


Lettering. 

B.m., basement membrane; Col., columnar epithelial cell; Biff., dif¬ 
ferentiating cell; Gob., goblet cell; Gran., granular matter or vesicles in 
gut lumen; Imag., imaginal cells; Int., interstitial cells ; Mit., mitosis. 
All figures were drawn under the camera lucida Oc. Zeiss 8 C.P., obj. 
Zeiss 3 mm. apr. 

Fig. 1.—Transverse section of gut of newly hatched larva. Camoy. 

Fig. 2.—Same at end of first instar. Camoy. 

Fig. 3.—Same in early second instar. Camoy. 

Fig. 4.—Small piece of gut of fourth instar larva. Camoy. 

Fig- 5.—Two adjacent tangential sections of gut of late second instar 
larva. Camoy. (Figure below is at a lower level, i.e. nearer to basement 
membrane, than the one above.) 

Fig. 6.—Transverse section, gut of early third instar larva. Carnoy. 

Fig. 7.—Same in late third instar. 

Fig. 8.—Transverse section of mid-gut of very late thir d instar larva 
(i. e. just before ecdysis). Camoy. 

Fig. 9.—Same very early in fourth instar (i. e. just after ecdysis). Camoy. 
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Fig. 10.—Tangential section of gut in early fourth instar. Camoy. Note 
the arrangement of the small goblet cells in groups. A tendency towards 
the suppression of cell walls is to be noted in figs. 8 and 10. Compare this 
with a similar phenomenon described by Haseman (Psychoda) and 
Hufnagel (Hyponomeuta). 

Fig. 11.—Transverse section of mid-gut in early fifth instar. 10 per cent, 
formalin. 

Fig. 12.—Same in tangential section. 10 per cent, formalin. 

Fig. 13.—Transverse section of late fifth instar in Pieris brassicae. 
Camoy. 

The apparent crossing of the fibres of the striated border in some of the 
figures is due to drawing in the depth of the section. 




















Physophaga sappheira, n.g., n.sp. 

By 

Muriel Percy. 

With Plate 6. 

Ip Gammarus pulex canbecaught in the act of moulting, 
the cast-off chitinous exoskeleton will often be found to contain 
a crowd of minute ciliates that dart to and fro with extraordinary 
rapidity. At this stage they are quite transparent and colourless, 
but in the course of a few minutes they begin to swell and turn 
faintly blue, and their movements become less violent. They 
remain for some hours in the moult, passing ceaselessly up and 
down inside the appendages and about the proctodaeum, in¬ 
creasing to three or four times their original size and often 
deepening in colour to a rich sapphire blue. 

No work appears to have been, done upon these ciliates 
hitherto, but their morphology and life-cycle evidently connect 
them with the genera Polyspira and Gymnodinoides described 
by Minkiewicz in 1912-18 from moults of marine decapods. 
Later investigations by Chatton have shown the characteristics 
of these genera to consist in the formation upon the host of rest¬ 
ing cysts that open just before a moult, so that the ciliates on 
emerging can creep into the old exoskeleton and be thrown off 
with it. 

The next phase, of distension and coloration, he proved to 
result from absorption inside the moult of a carotinoid albumen 
presenting features of special interest. Finding that Polyspira 
and Gymnodinoides showed structural resemblances to Foettin- 
geria (Caullery and Mesnil, 1903), the ciliate of the coelenteric 
cavity in Actinia, Chatton proposed to include them, with 
other genera, in the family Foettingeriidae, and to consider this 
family as probably representing successive stages in the trans¬ 
formation of free-living ciliates into internal parasites or com¬ 
mensals. 
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It will be seen from what follows that the ciliate of Gam- 
mar us moults adds another genus to the Foettingeriidae. 

Morphology op the Adult. 

The mature specimens vary much in size, measuring 40-85p. 
in length; they taper slightly in front, and are rounded pos¬ 
teriorly. Seen in ventral view, the outline is that of a broad 
bean, the right side nearly straight, and the left convex. 

The ventral surface is rather flattened and has a small depres¬ 
sion or dimple towards the right side (fig. 1, PI. 6). 

Bordering on this dimple is the small mass of protoplasm 
which contains the nuclei, the mouth, and the contractile 
vacuole. 

The homogeneous substance absorbed from the crustacean 
moult fills the rest of the interior of the ciliate; it is sometimes 
quite pale in colour and sometimes an intense blue. The pos¬ 
terior part of this accumulation generally encloses a smafl collec¬ 
tion of yeUow granules and pigment which stain darkly with 
neutral red. Bare instances occur of moults containing ciliates 
in which the whole homogeneous substance is bright yeEow 
instead of blue. It is traversed usually by three main strands 
of protoplasm which originate in the ventral protoplasmic mass. 
One of these passes to the dorsal surface, one to the anterior, 
and one to the posterior extremity. The latter is the most 
conspicuous, and encloses the posterior end of the macro¬ 
nucleus. These strands contain scattered granules that stain 
with neutral red ; they spread into a thin surface film of proto¬ 
plasm, forming broad bands beneath the rows of cilia; this 
surface layer contains granules which do not stain with neutral 
red, but show up clearly with Lugol’s iodine solution. In weU- 
fixed preparations they stain deeply with iron haematoxylin. 
There are eight bands of ciEa besides the two rows that fringe 
the buccal groove. They are spiraUy twisted by the irregular 
form of the animal, and converge to a small apical extension of 
clear protoplasm which contains a few granules (see fig. 1, 
PI. 6). 

The Macronucleus is large, elongated, and elliptical in shape, 
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and generally has the chromatin disposed in large rounded 
granules of varying size, clearly visible in the living. But speci¬ 
mens often occur in which these large chromatin granules are 
not present, the nucleus being finely granular throughout. In 
the winter months, when the ciliates appear to lack vitality, 
this change in the nucleus is very noticeable. 

The Micronucleus lies near the anterior end of the macro¬ 
nucleus and is very refringent. After fixation it stains intensely. 

The Mouth (figs. 1 and 8, PL 6) lies in the angle between the 
micronucleus and the anterior end of the macronucleus, and is 
associated with a curious organ like that discovered by Caullery 
and Mesnil (1908) in Foettingeria and named by them the 
‘ rosace \ Both the mouth and rosace are often extremely hard 
to see, and disintegrate quickly when the ciiiate dies. The 
mouth is a small round opening through which projects a tuft 
of cilia. 

The Rosace (fig. 8, PL 6) lies immediately below the mouth, 
apparently filling the gullet, and probably providing a means 
both of suction and filtration, as no solid particles seem ever to 
be ingested. Grains of indian ink can be seen collecting at the 
buccal orifice, but do not pass through. 

When ammonium carminate solution is ingested it forms a 
coloured streak, extending from near the rosace to the posterior 
end of the central protoplasmic strand, where it accumulates. 

In living specimens, seen from the ventral surface, the rosace 
appears as a refringent spot with refringent lines radiating from 
it. Sometimes vacuolar spaces appear between the lines and 
give the form of a flower with nine or more petals (fig. 3, PL 6). 
In one case each* petal seemed to end in a refringent granule. 
The central spot sometimes seems to consist of granules in 
vibratory motion. 

Seen through the body of the ciiiate from the dorsal surface, 
the rosace is distinguishable as a small projection of the proto¬ 
plasmic mass, ending in a knob from which lines radiate. 

It can sometimes be fixed and stained, but good preparations 
are difficult to get. One film, fixed in Carleton’s mercuric 
chloride and formalin mixture and stained with Ehrlich’s 
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haematoxylin, shows the vacuolar * petal ’ formation and the 
refringent spot, which is seen to lie towards the left centre of 
the rosace. 

This organ will be referred to later in dealing with the young 
ciliates produced by schizogony. 

The Buccal Groove. Prom the mouth the shallow buccal 
groove passes to the right and turns backward towards the pos¬ 
terior end of the ciliate, like that figured by Minkiewicz (1918) 
for Polyspira. The rows of cilia which line the edges of this 
groove extend round nearly half the ciliate’s circumference, 
running parallel with the ciliary bands. The groove itself is 
difficult to distinguish, because all means hitherto found of 
slowing the ciliate’s movements tend to cause distension of the 
cuticle and so obliterate the depression. 

The Contractile Vacuole discharges into the buccal groove 
through a very small elliptical opening in the cuticle. This 
opening can often be plainly seen, and might be mistaken for the 
mouth, which is much more difficult to distinguish and lies some 
distance to the left of the contractile vacuole. Between these 
two openings there is a conspicuous tuft of cilia. 

Multiplication Cysts. 

The ciliates leave the moult after a few hours and swim 
actively about in the water, always moving with the anterior 
end forward and revolving on the long axis. 

They may encyst almost at once, or remain active for hours 
before doing so. 'When encystment is about to take place, they 
come to rest on the bottom of the capsule or on the moult or 
other debris, adhering slightly to the substratum and often 
collecting in groups. 

During the first twenty-four hours the central blue substance 
changes into irregularly shaped refringent masses, evidently 
comparable to the ‘ plaquettes ’ described in other Poettin- 
geriidae (fig. 4, PI. 6). If a cyst is crushed at this stage, these 
exude as a fluid resembling oil, which does not mix with the 
surrounding water. The yellow granules which were enclosed 
by the blue mass in the active ciliate are still present in the 



PHY80PHAGA SAPPHEIRA 111 

cyst at this stage, and also the grannies of the surface proto¬ 
plasm. 

The refringent masses are gradually resolved into smaller and 
smaller fragments until they have the appearance of globules 
packed closely together, and this process is often accompanied 
by colour-changes. Some cysts become yellow, others remain 
blue, and some which were intensely blue at the beginning turn 
purple. Occasionally they have a reddish tinge. The yellow 
and blue cysts turn greenish in the last phase. After fixation 
the globules stain deeply with iron baematoxylin, and this be¬ 
comes most marked in the later stages of schizogony. With 
Ehrlich’s haematoxylin they only stain faintly. In most cases 
division begins some twenty-four hours after encystment, and 
the merozoites emerge on the third day about forty-eight hours 
after cyst-formation, but the time varies considerably. The 
smallest cysts hitherto noted have produced two merozoites 
and the largest ten; the number in a cyst may be uneven—four, 
five, and six young being produced in many instances (fig. 5, 
PI. 6). (It is interesting to note that De Morgan in his paper on 
Eoettingeria (1924) remarks : ‘ there is no apparent connexion 
between the size of Eoettingeria, and its readiness to encyst and 
divide. Out of a sample of two or three dozen, ranging in length 
from about 250-500 /a, the'expectation that one or all might 
encyst appears to be about equal.’ He does not record the 
number of young produced, but they appear to have been 
numerous in every cyst.) The first sign of activity shown by 
the young is in the vibration of their cilia, and they soon after¬ 
wards begin moving round the inside of the cyst, creeping upon 
and over each other. This continues for about an hour and a 
half, the cyst wall being so thin and transparent that every 
detail can be seen. The contractile vacuoles are active during 
this entire period. The movements of the ciliates become 
extremely rapid before emergence, and when the cyst wall is 
ruptured they often escape in quick succession. In other cases 
some Temain behind for a time, the wall being so elastic that it 
will close behind an escaping ciliate and appear unraptured. 
Great care must therefore be taken in counting the merozoites. 
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There is no micropyle, the first ciliate breaks through the cyst 
wall at any point. A cyst was once seen containing four ciliates, 
of which one burst out and two others fused within the cyst; 
these remained for another two hours revolving slowly, and then 
became violently active and emerged from the cyst and were 
lost sight of. 

This is the only certain instance of syngamy hitherto ob¬ 
served within the cyst, and I am satisfied that it is not of general 
occurrence. There seems therefore little reason to regard these 
young forms generally as gametes, and for the present I shall 
continue to refer to them as merozoites. 

It is just possible that the four merozoites above referred to 
were derived from two parent ciliates, for they were found in 
December, and encystment of double adult ciliates frequently 
takes place during the winter from November to April, and a 
few instances occur, also in summer. Association takes place 
while they are still in the moult, and occurs both in large and 
small individuals and sometimes between two of greatly differ¬ 
ing size. Individuals have been seen to join and remain revolv¬ 
ing slowly inside the moult, the pairs emerging later, to swim 
actively about in the water with a jerky rolling motion. The 
plane of junction increases, and spiral twisting ensues, until the 
contractile vacuoles which were near the centre line appear near 
the opposite poles. Encystment follows in the same way as in 
single specimens, the nuclei being quite distinct at first. 
Fragmentation of the refringent substance proceeds in the 
, normal way. 

It does not appear that the cysts with double individuals pro¬ 
duce more merozoites than large single cysts will do, but further 
investigation is much needed here and is difficult to carry out 
as material so often fails. 

It is very noticeable that in autumn, before fusion begins, the 
average size of the ciliates is diminished, and they seem 
abnormally transparent and move feebly. No multiplication 
cysts have developed under observation in the laboratory at 
this time of year. Later, when double encystment has begun, 
it becomes possible to get both single and double cysts, and in 
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the spring the average size of the ciliates has greatly increased 
and schizogony in single individuals reaches its height during 
the months that follow. 

Binary fission has never been seen to occur. 

Robertson (1928) described encystment of double individuals 
of Heteromita, but this seems always to have been the result 
of delayed division, which is certainly not the case in Physo- 
phaga. On the other hand, the encystment of pairs in the latter 
has not so far been shown to represent any process of syngamy. 

The Merozoites are 82 /x to 40 p in length, ventrally flattened, 
and tapering slightly at the anterior end, where there is a small 
beak-like extension of clear protoplasm bent over to the right 
side, which is evidently the point of junction for the ciliary 
bands. The contractile vacuole is at the posterior extremity 
(fig. 6, PI. 6). These merozoites are packed full of the sub¬ 
stance already described in the multiplication cysts, no longer 
appearing in the form of globules but of solid refringent bodies, 
irregular in shape, greenish or yellowish in colour, occasionally 
retaining the purple tinge found in some cysts. After fixation 
these bodies stain with iron haematoxylin more deeply than the 
nucleus itself. The merozoites swim rapidly and strongly, 
revolving in the same way as the adults, or creep about on their 
ventral surfaces. The rosace is a very conspicuous feature at this 
stage, and it seems probable that it acts as a sucker in attaching 
the merozoites to their host. Hentschel (1927) recorded a new 
eiliate from the intestine of Thalassema and suggested that the 
mouth might be a kind of sucker, and this point is the more 
interesting since it has been shown that several of the Foettin- 
geriidae are, like Bentschel’s eiliate, internal parasites or com¬ 
mensals, besides having a second host on which the resting cysts 
are formed. 

As the merozoites of Foettingeriidae do not ingest food, it 
may be that the rosace serves at this stage for purposes of 
attachment, and in the adult phase for purposes of suction and 
filtration as already suggested. 

NO. 289 i 
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Resting Cysts. 

Once when a freshly moulted Gammarus was put near the 
merozoites, they went to it and glided up and down the dorsal 
surface, apparently finding their way down the sides to the 
sterna and so avoiding the currents caused in the surrounding 
water by the action of the plaeopods. They did not seem to go 
to Gammarus which had not recently moulted, but it has not 
been possible to confirm these experiments. The resting cysts 
are found at the base of the gills and appendages and along the 
articulations of the sterna, where the chitin is raised into 
ridges. In the angles of these ridges masses of resting cysts can 
often be found packed closely together. They are ovoid in 
shape, 27-32 p long and 20-22 ft wide, and through the clear wall 
can be seen the yellow refringent bodies closely crowded together. 
The cysts are attached by a very short stalk, which is generally 
broad and wrinkled (fig. 7, PI. 6). By the time the host is 
ready to moult, the ciliates within these cysts have become 
hyaline, the refringent contents have disappeared, and only 
some granules remain (which stain deeply with neutral red). 

The first sign of activity within the resting cyst is the re¬ 
appearance and slow discharge of the contractile vacuole, after 
which ciliary action begins, and the ciliate bursts through the 
cyst wall. As soon as the moult takes place, these tiny ciliates 
become violently active, and assimilation and distension follow 
with extraordinary rapidity as already described. 

Methods. 

The conditions that favour encystment and schizogony are 
very difficult to determine. When kept in large shallow pans 
in the laboratory the Gammarus retain their infection with 
these ciliates for months. It is therefore clear that the ciliates 
encyst and multiply in these pans after each moulting of the 
hosts. 

During the spring and summer of 1926 and 1927 many cysts 
and large numbers of merozoites were obtained by leaving 
moults containing ciliates in small glass capsules where the water 
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could be renewed by means of two lengths of cotton wick. Even 
without such renewal the cysts often developed successfully, 
and they sometimes formed in only a few drops of water on 
cover-slips, so that they could be very conveniently fixed and 
also examined during development. This year, at the same 
season, hardly any specimens could be made to develop under 
similar conditions, though the infection in the pans continued. 
Experiments were tried at varying temperatures and by arti¬ 
ficial aeration of the water, but without success. 

It seems probable that only very healthy ciliates will go 
through the process of schizogony in the small vessels necessary 
for keeping them under observation, and the lack of strong 
specimens in some years may be accounted for by periodic 
depressions in the Gammarus stock itself, lack of vitality in 
the hosts possibly causing deficiency in the albumens normally 
eliminated with the moult, and consequently affecting the 
ciliates. 

Unless specimens are in a healthy state, it is useless to 
attempt any close study of them. Moribund ciliates, such as 
often appear in autumn, burst so easily as to be almost worth¬ 
less for examination. To get good material, the regular moulting 
of the Gammarus should be encouraged by often adding 
fresh water and feeding on dead elm leaves, alga, and wheat 
grains. Ciliates can be conveniently examined for minute struc¬ 
ture in a drop of gelatine solution, spread into as thin a film as 
possible. In a hanging drop of this kind, movement is slowed 
gradually as evaporation goes on. Everything depends on 
getting the right consistency in the gelatine, and the ciliates will 
continue to revolve in a medium of surprising density, the 
action of the cilia being beautifully shown up. 

Specimens taken out of a moult soon after it has been shed, 
and before assimilation is complete, will absorb ammonium 
carminate solution. When they have left the moult no absorp¬ 
tion appears to take place. 

With regard to fixation, nothing definite can be said, as the 
action of fixatives depends largely on the quantity and condi¬ 
tion of the very peculiar metabolic substance. The difficulty 

12 
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is to secure penetration of this internal mass without destroying 
surface structure. The best results obtained hitherto have been 
with films fixed in the mixtures of Carlton and Petrunckewiteh 
—leaving the film in the fixative from forty minutes to two 
hours. 


Nature op Inclusions and Pi&mbnts. 

Chatton, Lwoff, and Parat (1926) concluded that different 
species of decapods eliminate variously coloured carotinoid albu¬ 
mens at the time of moulting, and that these remain in the 
liquid of the moult and are ingested by the ciliates. 

They remarked that Polyspira, found in moults of E u p a - 
gurus prideauxii, is usually dark violet in colour, but that 
specimens have been described by Minkiewicz from other deca¬ 
pods as being yellow, green, blue, or pink. As mentioned above, 
Physophaga in Gammarus moults is very occasionally bright 
yellow instead of blue. With regard to the normal blue colour, 
it may be worth noting that a dark blue-purple pigment is 
present in the eggs of the host. The oil globules in the fat-cells 
are generally bright orange. 

The writers already quoted refer to the transformation of the 
pigmented substance which takes place in the multiplication 
eysts of Polyspira and Gymnodinoides. They regard it as a mass 
of fresh protein turning directly and in situ into a reserve 
material comparable to the vitellus of eggs. It is added that 
the colour-changes which take place in living cysts can be 
artificially induced by treatment with acids which coagulate 
or disintegrate the albumen, thereby separating it from the 
carotin. 

In Physophaga the blue substance is turned rose colour by 
Schaudinn’s fixative; Carleton’s mercuric chloride and formalin 
mixture has been seen to precipitate red granules in specimens 
that had been dense and deeply blue. 

In regard to the disappearance of reserve materials in the 
young ciliates before emerging from their resting cysts, there 
is little doubt that these materials are digested and that red 
granules are precipitated after the albuminous reserves have 
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been utilized. The carotinoid pigment therefore appears to he 
absorbed owing to its combination with the proteid and to be 
separated when the latter is digested, being apparently of no 
use to the ciliates. 

Nuclear Changes during Enoystment. 

Investigation of nuclear stages is difficult, as these are ob¬ 
scured by the reserve materials in the cyst. The micronucleus 
has not yet been observed in division, but I hope that further 
investigation may be carried on when material becomes more 
plentiful. 

Remarkable changes occur in the macronucleus during the 
first stage of encystment, while the micronucleus is still in the 
resting state. Preparations stained with iron haematoxylin 
show the macronucleus to be finely granular, the granules some¬ 
times appearing in lines. There is a central fusiform body which 
often projects at both ends of the nucleus, and seems to be 
composed of a bundle of darkly staining threads (fig. 8, a, 
PI. 6). 

Later on, the chromatin granules clump together to form 
irregular masses at the periphery of the nucleus, the fusiform 
central body persisting as before (fig. 8, b, PI. 6). 

In resting cysts of Physophaga the fusiform body again 
appears in the macronucleus. It stains deeply with iron haema¬ 
toxylin but does not stain at all with carmine. 

Delphy (1927) records an apparently similar appearance in 
macronuclei of ‘ les Anoplophryimorphes 

Minkiewicz (1918) observes that in the schizogony of Gymno- 
dinoides and Polyspira the chromatin of the maeronueleus forms 
balls, threads, rods, &c. 


Systematic. 

The family Foettingeriidae (Chatton) has hitherto consisted 
of six genera, all characterized by a life-cycle of at least three 
phases : (1) resting cysts on a crustacean host; (2) a phase of 
assimilation and vegetative development in the corpse or moult 
of the host; (8) a multiplication phase, resulting in merozoites 
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(called 4 tomites 5 by the originator of this classification). Also 
by the possession of a * rosace In the genera Pericaryon, 
Spirophrya, and Foettingeria the resting cysts open when the 
crustacean host is ingested by a Gtenophore, a Hydroid, or an 
Anemone respectively. Synophrya develops in the crustacean 
moult and goes through a fourth phase in the life-cycle, encyst¬ 
ing within the host’s integument. 

Polyspira develops in the host’s moult and then multiplies, 
unencysted, outside. 

Gymnodinoides, after development in the moult, forms cysts 
possessing a micropyle. It has a dendriform macro nucleus. 

The distinguishing characteristics of the new genus P h y s o - 
phaga are : vegetative development in the crustacean moult 
followed by reproduction in a cyst outside; cysts without 
micropyle; macronucleus elliptical. 

Physophaga sappheira is the first recorded instance 
of a freshwater form in the Foettingeriidae. 

In conclusion I wish to express my best thanks to Professor 
Goodrich for the privilege of being allowed to work in the 
Department, and to Dr. Helen Goodrich for her constant help 
and kindness. 

Department op Zoology and Comparative Anatomy, 

University Museum, Oxford. 
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EXPLANATION OF PLATE 6. 

Illustrating Lady Muriel Percy’s paper on Physophaga 
sappheira, n.g., n.sp. 

Reference Letters. 

a, aperture of contractile vacuole; c.c, lines of cilia at margins of groove; 
c.v, contractile vacuole; /, fragments of reserve substance; g, groove; 
m, mouth; ma, macronucleus; mi, micronucleus; p, anterior promi¬ 
nence ; r, rosace; s, strands of protoplasm. 

Fig.l.—Ventral view of Physophaga sappheira. x 1,500 approx. 

Fig. 2.—Plan of ciliary bands, dorsal view. 

Fig. 3.—Diagram much enlarged of mouth and rosace from ventral sur¬ 
face. 

Fig. 4.—Multiplication cyst showing early fragmentation of the blue 
substance, x 1,200. 

Fig. 5.—Multiplication cyst at later stage, containing six merozoites. 
x 1,200. 

Fig. 6.—Merozoite, ventral view, x 1,200. 

Fig. 7.—Resting cyst, x 1,400. 

Fig. 8.—Macronucleus in multiplication cyst, showing fusiform central 
body, x 1,400. A, early stage. B, later stage. 
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Lipin Secretion in the Elasmobranch Interrenal. 


By 

A. H. H. Fraser, M.B., Ch.B., B.Se. 

From the Plymouth Marine Laboratory. 


With Plates 7, 8. 


Introduction. 

Eetzius (1) in 1819 first described the suprarenals of fishes. 
He noted the resemblance between the .cortical tissue of Elasmo- 
branchs and the suprarenals of birds. Stannius (2) in 1846 
described the suprarenals of the higher cartilaginous and bony 
fishes. He was aware only of the cortical tissue in Elasmo- 
branchs. Balfour (8) in 1878 gave the first complete account of 
the Elasmobranch cortical tissue. He introduced the term 
‘ interrenal ’ to refer to the unpaired body of ScyIlium. The 
anatomy of the interrenal in different species was fully and 
accurately described by Swale Vincent (4) in 1897. 

In previous work the histology of the organ has shed no light 
on its functional activity. This is because the resting condition 
of the gland is that most commonly met with, and consequently 
this particular phase of glandular activity has been erroneously 
described as its constant histological appearance. It has long 
been known that the Elasmobranch interrenal in common with 
its homologues in higher vertebrates contains an unusual 
concentration of lipin in its cells. These lipins are readily 
demonstrable by all the usual histo-chemical tests. In an organ 
composed of glandular epithelial cells the presence of an excep¬ 
tionally large amount of lipin naturally suggests the possibility 
of its being a secretory product. Since the interrenal is a duct¬ 
less gland, such a secretion, provided it occurs, must take place 
into the efferent blood-vessels of the organ. 

Such a process of secretion in the suprarenal of the guinea-pig 
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was described by Mulon (5) in 1902, but his work appears to 
have been largely ignored. Watrin (6) in 1924 described similar 
appearances in guinea-pigs, following inoculation of their supra¬ 
renale with B. coli culture. There appears to be no descrip¬ 
tion of lipin secretion in the interrenal of Elasmobranchs. 

The present paper describes the results of an intensive histo¬ 
logical study of the interrenal of about thirty rays (Raja 
c 1 a v a t a). It has been found that while the majority of glands 
correspond to the usual description of an * ochre-yellow ’ body, 
with the lipin confined to its constituent cells, a minority (about 
one in ten) show a brown coloration of varying intensity. "When 
sectioned, these brown glands show evidence of active lipin 
secretion, in some cases the greatest concentration of lipin 
being in the interlobular capillaries. The process of secretion is 
peculiar, and appears to be somewhat analogous to the secretion 
of milk by the mammary gland ,* with the fundamental differ¬ 
ence that while the milk passes into lactiferous ducts the lipin 
of the interrenal passes into the circulation. 

Methods. 

Raja clavata was the only species investigated. At first 
fish of all ages and sizes were used, being selected at random 
from the catches brought in by the laboratory boat. Later, 
large mature fish were employed, since it was found that among 
these the proportion of actively secreting glands was greater. 

The fish were killed by destruction of the brain, and imme¬ 
diately dissected. The dorsal route was found to be the best 
method of access to the interrenal. One longitudinal incision 
parallel and close to the vertebral column is sufficient to give 
access to the interrenals of both sides. The incision is carried 
down to the kidney through the dorsal musculature and fascia, 
the vertebral column being drawn over to the opposite side. By 
this method complete exposure of the interrenal is secured with¬ 
out division of the peritoneum. 

The interrenal was removed by slicing off the underlying por¬ 
tion of kidney tissue. No attempt at dissection was made, in 
order to save time and avoid damage to the interrenal. The 
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tissue was momentarily rinsed in normal saline and then placed 
in the appropriate fixative. The interrenal with subjacent 
kidney tissue was removed in four different portions, and each 
portion fixed by a different method. The fixatives employed 
were: 

(1) Bourn's picro-formol-acetic. 

(2) Ciaocio’s chrome-formol-acetic with post-ehromation. 

(8) Muller’s fluid with post-osmication by Marchi’s method. 

(4) Five per cent, formol. 

Latterly Sehridde’s post-osmication method was also used. 

Bouin’s method was employed to demonstrate general 
histological structure and the distribution of pigments insoluble 
in fat solvents. 

Ciaccio’s method, which had been found useful in the 
rabbit, proved disappointing in the ray. The sections stained 
faintly and diffusely with Sudan III, and no clear differentiation 
of lipin could be obtained. 

Marchi’s method gave the clearest picture of lipin distribu¬ 
tion. Figs. 3 to 11 inclusive are taken from sections prepared by 
this method. 

Formol-fixed tissue was sectioned on the freezing micro¬ 
tome. Sections were used to test the reactions and solubilities 
of the pigments and for examination under the polarizing micro¬ 
scope. Sections were stained with 1 per cent, aqueous solution 
of osmie, Sudan III in 70 per cent, alcohol, and 1 per cent, 
aqueous solution of Nile blue. These stains were also used for 
staining sections previously soaked in fat solvents. 

Practically the entire * complete histochemical investigation 
of fatty-cell inclusions ’ recommended by Cramer and Gatenby 
(7) was therefore performed. While the results have given useful 
information regarding the distribution of lipin in the gland, 
the evidence as to the nature of the lipins present remains in¬ 
conclusive. 

This was in part anticipated from the fact admitted by 
Cramer and Gatenby, that the reaction of the various lipins to 
these histochemical tests is entirely modified when different 
lipins are present in the same globule. Unfortunately that is the 
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condition in -which lipins occur in the interrenal, and probably 
in most other organs of the body. 

In any case it is known that the physical condition of the 
lipins completely modifies their staining reactions to such an 
extent that they may become completely undetectable by histo¬ 
logical methods (Bloor (8); Carleton (9)). 

Nevertheless, the histological method is of value in demon¬ 
strating variations in the nature and distribution of lipins in 
different individuals. The information regarding distribution is 
of supreme value, for it is information that present methods of 
chemical analysis fail to give. 

Results. 

1. Relation of Interrenal and Chromaffin Tis¬ 

sues. 

While in the ray the interrenal and chromaffin tissues are 
usually separated by intervening kidney tissue, this is not in¬ 
variably the case. Pig. 1, PI. 7, shows how close the anatomical 
relation may be. The chromaffin body lies in the concavity of 
the interrenal, like a stone in the hollow of a hand. A thin layer 
of connective tissue alone separates the two tissues. There is, 
however, no intermingling of strands as in Amphibia, Reptiles, 
and Birds. The figure illustrates a fact which has been already 
shown experimentally by Swale Vincent (10). In chemical work 
on the interrenal the possible contamination by chromaffin 
tissue cannot be ignored. Pig. 2, PI. 7, is a higher magnification 
of the boundary between the two tissues. 

2. The Secretion of Lipin. 

(a) The Resting Gland.—In nine out of ten glands 
selected at random during the months of May, June, and July 
the interrenal varies in colour from a creamy white to a bright 
yellow. That this colour is due to a lipochrome pigment is shown 
by its solubility in acetone and alcohol. The variability in 
brightness of lipochrome pigmentation may be related to food. 
Pindlay (11) showed that the lipochrome of the fowl’s adrenal 
is directly derived from the food. Similarly the lipochrome of the 
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ray’s interrenal may be derived from the Crustacea which are 
almost constantly found in its stomach. 

The lipochrome is completely dissolved by treatment by 
Bouin’s method, and no pigment insoluble in fat solvents can 
be detected. 

Fig. 8, PI. 7, is a Marehi section from such a yellow gland. 
It was taken from a young immature male. The lipin is stained 
black by osmic acid. It is immediately obvious that the quantity 
of osmicated lipin in the interrenal vastly exceeds that in the 
adjacent kidney tissue. 

The gland is seen to be surrounded by a firm connective-tissue 
capsule, and to be broken up into a large number of lobules, 
cut in various planes. Blood-vessels run between the lobules, so 
that blood separates each lobule from its neighbours. Serial 
sections show the lobules to be sections of cell columns running 
in all directions. It is doubtful whether these columns contain 
a central space in the resting condition. Such an appearance is 
common, but might readily be an artifact. But in Bourn sec¬ 
tions strongly stained with eosin and differentiated, blood 
corpuscles can be observed in the centre of the columns. It is 
difficult to conceive how this could be an artifact. 

In transverse section the columns measure 30-40/x. The 
osmicated lipin is confined to the cells; none is visible between 
the columns. The lipin is diffusely distributed throughout the 
cells, but is more concentrated at the periphery of the columns. 

This is the commonest histological picture encountered. The 
yellow gland, with lipin confined to constituent cells, and with 
no evidence of cellular hypertrophy, is assumed to be in the 
resting inactive phase. From this picture the phases of active 
secretion can be readily derived, although differing so much on 
superficial examination as to suggest a different organ. 

(6) The Hypertrophied Lobule.—One out of about 
ten glands shows a brown pigmentation in varying degrees of 
intensity. Fig. 4, PI. 7, is a Marehi section of a definitely brown 
gland, taken from a large female with ripe ova. The lobules 
are clearly immensely hypertrophied. They average 160/* in 
diameter. The individual cells measure 80/*. The degree of 
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hypertrophy of the lobule is shown by comparison -with the 
lobules of the resting gland (of. fig. 8, PI. 7). The hyper¬ 
trophied lobule is four to five times larger than that of the 
resting gland, and the individual cells of the hypertrophied 
lobule exceed the entire resting lobule in size. An examination 
of the individual lobule in fig. 4, PI. 7, shows two important 
facts: 

(1) The cells are in various stages of disintegration. 

(2) The lipin is concentrated in large masses. This concentra¬ 
tion of osmicated lipin in the cells does not necessarily mean 
that the lipin existed in such large globules during life. What 
can confidently be stated is that the quantity of lipin in the cells 
of the hypertrophied lobule is much greater than that of the 
resting lobule. 

The most probable interpretation of this cellular hypertrophy 
appears to be as follows. In a secreting cell where the cell mem¬ 
brane is permeable to the products of secretion, no great enlarge¬ 
ment of the cell is possible, since the secretory products are 
carried away either into ducts or blood-vessels. But suppose 
the cell membrane impermeable to the secretory product, then 
the secretion must accumulate in the cell, the cell membrane 
undergoing progressive distention and final rupture. On this 
interpretation the hypertrophied lobule is in a phase of intra¬ 
cellular secretion, and the partial disintegration of the cells 
becomes a necessary corollary. 

(c) Formation of Acini.—Fig. 5, PI. 7, is a Marchi sec¬ 
tion from the same gland as fig. 4, PI. 7. It shows the final 
result of lobular hypertrophy and disintegration. Disintegra¬ 
tion of the cells in the centre of the lobule evidently leads to the 
development of an acinus, down which the products of secretion 
can pass. The distended connective-tissue capsule of the lobule 
becomes the wall of the acinus. In fig. 5, PI. 7, both acini and 
distended lobules are visible in the same field. It requires little 
imagination to understand how one is derived from the other. 
By progressive distention of the resting lobule an hypertrophied 
lobule is formed, which in turn forms an acinus by cellular dis¬ 
integration. It is noteworthy that the acini figured show 
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evidence of lipin-containing cytoplasm and of pale nuclei 
around their walls. It seems probable from this and other sec¬ 
tions that the cellular disintegration is incomplete. 

Fig. 6, PL 7, is a Marchi section of a light-brown gland taken 
from a large pregnant female. It shows two well-marked acini 
separated by an interlobular capillary. Two collapsed acini can 
also be distinguished, one in the angle between those still dis¬ 
tended. By collapse of the distended acini and growth of the 
basal parts of the cells left on cellular disintegration the resting 
lobule is reformed. 

Fig. 7, PI. 7, shows another acinus from a different part of the 
same gland from which fig. 6, PI. 7, is taken. 

The interrenal tissue therefore appears to undergo a definite 
cycle of changes during active secretion. These are : 

(1) The resting lobule. 

(2) Distention of lobule. 

(8) Disintegration of lobule. 

(4) Formation of acinus. 

(5) Collapse of acinus. 

(6) Beformation of resting lobule. 

Assuming the correctness of this interpretation of the observed 
data, what becomes of the secreted lipin after its passage down 
the acinus ? Since the interrenal is a ductless gland it must 
obviously pass into the blood, and should be demonstrable in 
the capillary network of the organ. 

Fig. 8, PI. 7, is a Marchi section of a dark-brown gland taken 
from a large ripe male. Here the lipin is concentrated in the 
interlobular capillaries. The network of capillaries shown up 
by their black contents gives an appearance of artificial injec¬ 
tion. The lobules on transverse section measure 40 p. Appar¬ 
ently the acini have collapsed to form lobules, and. the lipin is 
passing through the sinuses of the organ to reach the general 
circulation. 

The histologically demonstrable presence of lipin in the blood- 
spaces of the gland is of sufficient importance to warrant special 
discussion. Three possible interpretations suggest themselves. 

(1) That the appearances are artifacts. Now, where under a 
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special histological technique a certain structure or appearance 
is constantly obtained, the possibility cannot be ignored that 
the structure demonstrated may in reality be an artifact pro¬ 
duced by the method employed. But where, under a precisely 
similar technique, such diverse appearances as figs. 8 and 8 are 
obtained, the presumption is that the appearances demon¬ 
strated represent different physiological conditions of the organ. 
In any case it is difficult to conceive how the action of fixatives 
could produce an appearance of fat-choked capillaries. 

(2) That the lipin is in process of transport from the blood to 
the interrenal cells. It is inconceivable that lipin could accumu¬ 
late to such an extent in the general circulation without assum¬ 
ing a generalized lipaemia. Now a lipaemia of such extent would 
almost certainly be incompatible with life. Further, no evidence 
of a lipaemia is detectable in the adjacent kidney tissue. 

(8) The only feasible explanation appears to be, that lipin has 
passed from the interrenal cells into the circulation. Since the 
outstanding histological feature of the interrenal is its large lipin 
content it seems conceivable that its cells could secrete lipin 
in sufficient quantity to fill the capillaries of the organ. It 
appears justifiable to assume that the lipin in the capillaries is 
the secretion of the interrenal cells, and that the gland has been 
fixed in process of active secretion. 

Fig. 9, PI. 8, is a higher magnification of part of fig. 8. It 
has been focused to show the network of lipin-filled capil¬ 
laries. 

Fig. 10, PI. 8, is also a higher magnification of fig. 8, but 
is focused to show the lobules. It is seen that while the lobules 
contain a certain amount of diffusely distributed lipin, the main 
concentration of lipin is in the interlobular capillaries between 
. the lobules. 

Fig. 11, PI. 8, is a Marchi section from a yellow gland. Part 
of the same gland fixed by Bouin’s method showed a small 
amount of brown pigment, evidently rendered visible by solu¬ 
tion of the masking lipochrome. The lobules measure 80 ja on 
transverse section. They are closely packed together (cf. fig. 8, 
PI. 7) and traces of lipin can be observed in the capillary net- 
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work. This is presumably a later stage of secretion than fig. 8, 
PI. 7, and leads us back to the resting gland first described. 

Pig. 12, PI. 8, is a Ciaccio section taken from the same dark- 
brown gland of which fig. 8, PI. 7, is a Marchi preparation. 
It shows dark-brown intracellular pigment granules. This pig¬ 
ment occurs in about one in ten glands, and is always associated 
with appearances of lipin secretion in the series examined. The 
two glands which showed the greatest density of brown pig¬ 
mentation were those two which also showed a concentration of 
lipin in the interlobular capillaries. The pigment can be demon¬ 
strated microscopically without staining, after fixation by the 
methods of Bouin and Ciaccio. 

In formol-fixed sections the pigment persists. In these it was 
found to be insoluble in water, acetone, alcohol, and ether; to 
bleach rapidly with H 2 0 2 and less rapidly with 5 per cent. 
NaOH. Since it persisted after Bouin fixation, it follows that 
it is insoluble in dilute acids. Prom its solubilities and bleaching 
reactions it may be assumed that the pigment belongs to the 
melanin group. 

8. The Chemical Nature of the Secretion. 

The histoehemical tests employed failed to yield any definite 
indication of the nature of the lipin, either in the lobules of the 
resting gland or in the capillaries of the secreting organ. The 
demonstration of the different phases of glandular activity is 
a question of histology, suitable to histological investigation. 
Histology also shows that the substance secreted is of a lipin 
nature. But the exact composition of the secretion, whether 
neutral fat, cholesterol, phosphatide, or a mixture of these, is 
a biochemical problem demanding chemical methods of attack. 
Speculation on this question is therefore useless in the absence 
of definite chemical data. 


Discussion. 

It is advisable at the outset to separate the definitely ascer¬ 
tained facts from their hypothetical interpretation. 

In a series of interrenals subjected to an identical histological 
NO. 289 K 
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technique a marked variation in structure and lipin distribution 
was clearly displayed. The presence of lobules, hypertrophied 
lobules, acini, and lipin-choked capillaries may be taken as 
proved. The possibility of artifact can reasonably be excluded. 
But the interpretation of these structures as phases in a definite 
cycle of glandular activity is necessarily hypothetical. It is, 
however, an interpretation which fits the facts. It is never¬ 
theless possible that the different phases of glandular activity 
have been placed in a false-time relationship. It is conceivable, 
for example, that the stage of fat-choked capillaries precedes 
that of the hypertrophied lobule ; conceivable, but improbable. 

The point of fundamental importance is, of course, the demon¬ 
stration of lipin in the capillaries. It affords a very valuable 
clue to the function of the interrenal. 

The occurrence of melanin pigment in glands shown to be in 
a secretory phase, and its absence in glands where no evidence 
of secretion could be detected, is probably significant. In the 
first twelve glands examined only one was brown, and this 
brown gland was the only one to show evidence of secretion. 
In subsequent work a deliberate search for brown glands was 
made, on the working hypothesis that these would also show 
evidence of secretion.. This prediction was fully borne out in 
the results. In twenty yellow glands examined histologically 
there was no evidence of secretion. The six brown glands ex¬ 
amined by the same methods all showed evidence of secretion. 

The conclusion seems justified that the formation of melanin 
and the secretion of lipin in the gland have a definite metabolic 
relation. 

A. question arises as to the fate of the melanin. How is it dis¬ 
posed of ? Does it, like the lipin, find its way into the circula¬ 
tion ? It is possible under high magnification to demonstrate 
the presence of pigment granules in the capillaries of secreting 
glands. But this is never so definite as the evidence of lipin 
secretion, and is not sufficiently diagrammatic to repay repro¬ 
duction. 

The nature and function of the lipin secretion, the fate and 
mode of formation of the melanin pigment, the relation be- 
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tween these two sets of phenomena, are fascinating subjects for 
speculation. The preliminary work done on these subjects, 
however, has not yet yielded any definite conclusions, and the 
matter remains too hypothetical to justify discussion. 

SUMMAEY. 

1. The occasional occurrence of an intimate anatomical rela¬ 
tionship between the interrenal and chromaffin tissue is de¬ 
scribed. 

2. It is shown that in addition to the ordinary lobule com¬ 
monly figured, the interrenal may show, hypertrophied lobules, 
disintegrating lobules, and acini. These various histological 
pictures are interpreted as being various phases in a definite 
cycle of glandular activity, viz.: 

(1) Besting lobule. 

(2) Distension of lobule. 

(3) Disintegration of lobule. 

(4) Formation of acinus. 

(5) Collapse of acinus. 

(6) Beformation of resting lobule. 

3. Evidence is advanced of a massive secretion of lipin into 
the interlobular capillaries. The importance of this phenomenon 
is emphasized. 

4. The occurrence of melanin pigment in a minority of the 
glands is described, and evidence submitted of a relationship 
between the formation of melanin and the secretion of lipin. 
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EXPLANATION OF PLATES 7 AND 8. 

All the figures are taken from sections of the interrenal body 
of Raja clavata. 

List of Abbreviations. 

«c., acinus ; oc.c., acinar cavity ; c., capsule; chr.L, chromaffin tissue ; 
cp.ac., collapsed acinus; c.t.b., connective-tissue boundary; cyt., cyto¬ 
plasm ; i.l.c., interlobular capillaries ; ir.t., interrenal tissue ; k.t., kidney 
tissue ; lb., lobule; n., nucleus ; os.lip., osmicated lipin; pig.gr., pigment 
granules; pr.dis., products of cellular disintegration. 

Plate 7. 

Fig. 1.—Photograph, untouched. Magnification x 80. Transverse sec¬ 
tion of interrenal and chromaffin bodies demonstrating the occasional 
occurrence of an intimate anatomical relationship between these two 
tissues. 

Fig. 2.—Photograph, untouched. Magnification x 360. A higher magni¬ 
fication of fig. 1 to show the presence of a connective-tissue bou nda ry 
between the interrenal and chromaffin tissues. 

Fig. 3.—Photograph, untouched. Magnification x 80. Transverse sec¬ 
tion of a yellow, resting gland, showing the small size of the indiv id ual 
lobules and the osmicated lipin confined to the lob ular cells. 

Fig. 4.—Photograph, untouched. Magnification x80. Transverse sec¬ 
tion of a brown, active gland, showing the large size of the individual 
lobules and black masses of osmicated lipin in the lob ular cells. 
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Pig. 5.—Photograph, untouched. Magnification x80. Transverse sec¬ 
tion of a brown, active gland, showing disintegration of the hypertrophied 
lobules to form acini. 

Pig- 6.—Photograph, untouched. Magnification x 80. Transverse section 
of a brown, active gland, showing fully formed acini containing the products 
of cellular disintegration. 

Pig. 7.—Photograph, untouched. Magnification x 80. Transverse sec¬ 
tion of light brown, active gland, showing a fully formed acinus. 

Pig. 8.—Photograph, untouched. Magnification x 80. Transverse sec¬ 
tion of dark brown, active gland, showing the concentration of osmicated 
lipin in the interlobular capillaries. 

Plate 8. 

Pig. 9.—Photograph, untouched. Magnification x 360. A higher magni¬ 
fication of fig. 8, focused to show the osmicated lipin in the capillary 
network. 

Pig. 10.—Photograph, untouched. Magnification x 360. A higher magni¬ 
fication of fig. 8, focused to show that the greater concentration of osmi- 
cated lipin is between the lobules in the interlobular capillaries. 

Pig. 11.—Photograph, untouched. Magnification x 80. Transverse sec¬ 
tion of a yellow gland, showing traces of osmicated lipin in the capillary 
network and the lobules closely packed together. 

Pig. 12.—Photograph, untouched. Magnification x360. Transverse 
section of dark brown, active gland, showing the presence of melanin pig¬ 
ment in the lobular cells. 

Pig. 13.—Drawing, semi-diagrammatic. Prom a transverse section of a 
yellow, resting gland, showing four lobules separated by the interlobular 
capillaries. 

Pig. 14.—Drawing, semi-diagrammatic. Prom a transverse section of a 
brown, active gland, showing an individual hypertrophied lobule. 

Pig., 15.—Drawing, semi-diagrammatic. Prom a transverse section of a 
brown, active gland, showing the disintegration of an hypertrophied lobule. 

pig. 16.—Drawing, semi-diagrammatic. Prom a transverse section of a 
brown active gland, showing an acinus formed by the disintegration of an 
hypertrophied lobule. 

Pig. 17.—Drawing, semi-diagrammatic. Prom a transverse section of a 
brown active gland, showing that the lobular disintegration is not com¬ 
plete, a margin of cellular tissue being retained. 

Pig. 18.—Drawing, semi-diagrammatic. Prom a transverse section of a 
brown active gland, showing the collapse of an acinus to reform the resting 
lobule. 

Pig. 19.—Drawing, semi-diagrammatic. Prom a transverse section of a 
dark brown, active gland, showing the presence of osmicated lipin in the 
interlobular capillaries. 



134 


A, H. H% FRASER 


Fig. 20.—Drawing, semi-diagrammatic. From a transverse section of 
a yellow, resting gland, showing a compact lobular arrangement and traces 
of osmicated lipin in the interlobular capillaries. 

Fig. 21.—Drawing, semi-diagrammatic. Three cells of a yellow, resting 
gland, showing the absence of pigment granules. 

Fig. 22.—Drawing, semi-diagrammatic. Three cells of a dark brown, 
active gland, showing the presence of melanin pigment granules in the 
cytoplasm. 
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Mitochondrial Behaviour during the Life-cycle 
of a Sporozoon (Monocystis). 

By 

E. S. Horning, D.Se. 

Department of Zoology, University of Melbourne. 

With Plate 9. 


Introduction. 

At the present time the behaviour and function of mito¬ 
chondria within the animal and plant cell is a matter of con¬ 
troversy among cytologists, and, in order to help to elucidate 
the nature of these bodies, observations were made upon these 
cytoplasmic inclusions within a common sporozoon (Mono¬ 
cystis). The changes which mitochondria undergo during the 
life-cycle of this organism, together with the role they appear 
to play in cellular metabolism, is also discussed. 

Life-Cycle of Monocystis. 

If the sperm-sacs of the common Australian (European) 
earthworm are examined, it will be noticed that they are occa¬ 
sionally infected with Monocystis. The life-cycle of the 
parasite is well known. When reproduction is about to take 
place the two trophozoites or adult individuals come together, 
become rounded off, and finally secrete a cyst, in which two 
gametocytes become enclosed. The two nuclei of the adult 
gametocytes divide repeatedly until a large number of nuclei 
are formed.. Later, each individual nucleus becomes sur¬ 
rounded by a small quantity of protoplasm. From this stage 
small minute cells (gametes) are finally formed. These minute 
gametes subsequently combine in pairs, and from these the 
zygotes or spores arise, so that the cyst at this phase of the life- 
cycle contains many such bodies. The nucleus of each zygote 
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undergoes fission giving rise to a number of fusiform sporo¬ 
zoites, generally eight in number. The spore coat finally rup¬ 
tures and these young fusiform sporozoites are freed, and then 
make their *way to the developing clumps of sperm, eventually 
becoming surrounded by sperm-cells. Finally, they grow into 
the adult organism. 

Methods of Investigation. 

In order to observe the behaviour of mitochondria during the 
life-cycle of this Sporozoon, the sperm-sacs of the common 
European earthworm, which occasionally swarm with Mono- 
cystis, were fixed in osmo-chromic fluid or else in a Champy 
solution. The fixed material was then washed in running water 
for a period of twenty-four hours, brought up through the 
alcohols and eventually embedded in paraffin, and sectioned. 
The sections were then cut 2-5 /a in thickness and stained 
with Heidenhain’s iron haematoxylin, and occasionally counter- 
stained with eosin. 

An examination of these sections with high magnifications 
shows that the cytoplasm of the trophozoite or adult individual 
contains numerous small, bent, rod-shaped bodies, together with 
a smaller number of spherical bodies scattered irregularly 
throughout the medullary region of the organism (see fig. 1, 
Pl. 9). These cytoplasmic inclusions certainly present a 
bacterial appearance, but their subsequent reaction to certain 
stains and fixing reagents shows quite clearly that they cannot 
be foreign organisms. Also, at various stages of the life-cycle, 
these bacteria-like bodies stained a bluish green when 
treated intra vitam with a Janus green B solution of about 
1:10,000. It has been frequently shown by various authors 
that this intra vitam method does not appear to have any 
corresponding selective action upon bacteria, while Cowdry (1) 
and many other investigators have found that mitochondria 
in living cells stain specifically with Janus green B. Various 
other tests for mitochondria were also carried out, s imil ar to 
those I have already described in some of my previous 
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papers (4, 5, 6, 7, 8, 9, 10), and the results show quite clearly 
that these protoplasmic bodies are true mitochondria reacting 
in the same manner as mitochondria present in other animal 
and plant cells. 

Mitochondrial Behaviour during the Life-cycle. 

When the adult organism or trophozoite, cut in longitudinal 
section and stained with the Heidenhain process, is examined 
under high magnifications, the cytoplasm is found to contain a 
large number of bent rod-shaped and spherical mitochondria, 
scattered irregularly throughout the protoplasm of the medul¬ 
lary region of the parasite (see fig. 1, PI. 9). A closer study of 
these mitochondria shows that they increase in number by 
means of transverse binary fission. A more detailed observation 
of the general arrangement of these bodies will reveal a dense 
aggregation of mitochondria in the vicinity of the nucleus (see 
fig. 1, PI. 9) lying in close contact with the outer surface of the 
nuclear membrane. When dealing with this phenomenon in 
previous papers (9,10), I have pointed out that it may possibly 
be a surface-tension effect which is apparently dependent upon 
the phosphatidal nature of the mitochondria. When stained 
sections of the next stage of the life-cycle—the early sexual 
phase—are examined, the cytoplasm of the encysted gameto- 
cytes is observed to contain numerous rounded mitochondria, 
often varying in size; while on the other hand the number of 
rod-shaped bodies, such as were seen in the previous stage, have 
undergone a considerable decrease in number (see fig. 2, PI. 9). 
These larger rounded bodies probably arise through a fusion of 
several mitochondria. This apparent fusion of mitochondria 
has been observed by several authors, among whom is W. J. M. 
Scott (13), who describes a similar phenomenon occurring in 
the pancreas; and Cowdry believes that the larger spherical 
bodies are the result of a coalescence of several or more mito¬ 
chondria. Later, I was able to demonstrate the actual fusion of 
mitochondria in living amoebae (7). This constant fusion of mito¬ 
chondria during certain phases in many cells may possibly be 
explained in terms of surface-tension, and may be similar to the 
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fusion of oil-drops in suspensions of oil in water, and it does 
not seem likely that any physiological function can be attached 
to it. If sections showing the small gametes within the cyst 
are now examined, it will be noticed that the protoplasm of 
these minute cells contains small spherical mitochondrial bodies 
varying in size (see fig. 8). 

During the true sexual phase of the life-cycle of the organism, 
when union of the gametes occurs, a noticeable fusion of 
mitochondria takes place (see fig. 3, PI. 9), since the rounded 
mitochondria during this process tend to lose their spherical 
form and become irregular clumps. I have observed this effect 
on several occasions, and it is of interest to note that the same 
phenomenon occurs during the sexual phase in the binucleate 
Opalina (5) when conjugation of the gametes occurs. 

The protoplasm of the two encysted gametocytes is not 
entirely used up to form the young gametes, and a surplus of 
residual cytoplasm is always left over and is termed by many 
authors the ‘ cystal residuum \ 

An examination of this surplus cytoplasm within the cyst 
reveals the presence of several types of granules within it (see 
fig. 3, Pl. 9), mitochondria, lipoidal droplets, together with a 
third type of granule, which appears light blue after staining 
with Heidenhain’s iron haematoxylin. These latter types 
of grains have the appearance of vegetative bodies. As the 
cyst becomes more mature these granules disappear as the 
residual cytoplasm becomes absorbed (see fig. 4, PI. 9). 

In order to ascertain the nature of these granules within the 
6 cystal residuum 9 the sperm-sacs of many earthworms in¬ 
fected with Monocystis were placed in a saline solution, teased, 
and examined for cysts. A portion of the sperm-sacs, containing 
several fairly large cysts, was removed on to a clean slide, and 
with the aid of needles the cyst walls were then ruptured. In 
order to test for mitochondria a Janus green solution of about 
1:10,000 was introduced under the cover-slip containing the 
cyst. Several granules (the mitochondria) stained a bluish 
green, while other granules within the residual protoplasm, pre¬ 
sumably the lipoidal and vegetative grains, did not show 
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a selective action to this stain. In order to ascertain the nature 
of the former type of granule a solution of Soudan III was run 
under the cover-slip containing another such ruptured cyst, and 
in this caserne fatty droplets were observed to stain a light 
yellowish red, which demonstrated their lipoidal nature. 

If the young zygote is examined in a fairly mature cyst the 
cytoplasm is seen to contain a variable number of rounded mito¬ 
chondria. But later examination of the young spores, which 
are derived from the zygotes before the chitinous case is fully 
secreted around them, reveals that the mitochondria during this 
stage have undergone a notable decrease in number, and when 
finally the spore has reached maturity it is found to be entirely 
devoid of mitochondria. Sections Cut through many such 
mature zysts show the complete disappearance of mitochondria 
both within the spores themselves and also within the cyst, and 
the 4 cystal residuum ’ at this stage of the life-history of the 
parasite has become completely absorbed. 

It cannot be suggested that this effect is due to a faulty 
fixation or technique, nor that the fixing fluids were unable to 
penetrate the chitinous case of the mature spores ; because in 
every case the individual nuclei in each spore stained sharply 
and clearly, while the protoplasm of the sporozoite stained 
a palish blue when treated with the Heidenhain process. 

In several cases material was fixed in a solution containing 
4 per cent, osmic instead of the usual 2 per cent., and each time 
the same results were obtained. Material was also left in both 
Champy and osmo-chromic fixatives for a period of forty-eight 
hours, and even in over-stained cells no traces of mitochondria 
could be seen. 

The next step in the life-history occurs when in another earth¬ 
worm the mature spore-coat finally ruptures and the young 
sporozoites within are liberated. They immediately become 
active and make their way to the developing.sperm, where they 
gradually increase in size, and develop into the adult individual 
or trophozoite. 

Stained sections of these young organisms on examination 
once more reveal the presence of small rounded and rod-shaped 
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mitochondria scattered irregularly throughout the medullary 
region of the cell. As the sporozoite gradually develops into the 
trophozoite the mitochondria increase in number. Continued 
observation of progressive stages of development has shown 
that the awakening of the cell is accompanied by a reformation 
and rapid reproduction of the mitochondria. 

The behaviour of the mitochondria during the life-cycle of 
this organism, and especially their apparent origin de novo 
during chemical resynthesis, do not lend any support to 
Wallin’s (14) contention that mitochondria are symbiotic 
organisms. 

On in Role Played by Mitochondria during Cellular 
Metabolism. 

That mitochondria play an important part in the metabolism 
of the cell was first put forward by Guillermond (3), who sug¬ 
gested that starch and other plastids produced in plant cells 
owe their origin indirectly to mitochondria. Cowdry (2) also 
formulated the theory that these substances are originally 
formed within the mitochondria which later enlarge to form 
the body of the plastid, while Regaud (12) suggested that mito¬ 
chondria are able to select certain materials from the surround¬ 
ing protoplasm of the cell and build them up into various 
products. Later, while studying the behaviour of mitochondria 
within a common endoparasite protozoon—Opalina (5)—I 
was able to detect vegetative granules arising in close connexion 
with the surface of each single mitochondrium. These observa¬ 
tions tend to support the speculation that mitochondria are the 
loci of protein and of general protoplasmic synthesis within the 
living cell. More recently the work of Marston (11) has suggested 
that the mitochondria contain concentrated within them the 
enzymes which bring about cell synthesis, their action being to 
build up protein at their surface. Moreover, the behaviour of 
mitochondria appears to illustrate the capacity of enzymes to 
reverse their activity in accordance with conditions, i. e. syn¬ 
thesis or hydrolysis, according to the concentration of the 
substrate. Por example, in Opalina we see that mitochondria 
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synthesize vegetative products at their surface; while in 
Paramoecium (6), Nyctotherus (8), and Amoeba (7) 
the function of mitochondria is also one of hydrolysis, where it 
is believed that the mitochondria which come to be included 
within the food vacuoles bring about the digestion of the food. 

We see that Opalina and Monocystis feed in the same 
way by means of endosmosis through the cuticle of the proto¬ 
plasm. One would therefore expect to observe a similar pheno¬ 
menon in Monocystis. But observations on this organism 
show that the actual origin of these food-storage products from 
the surface of the mitochondria cannot be detected. The mito¬ 
chondrial grains present in the protoplasm of Monocystis 
are very much smaller than those of 0 p a 1 i n a, and it is quite 
probable that the latter organism, owing to its large size, 
is the more favourable object for studying this phenomenon. 
But it is highly suggestive that the vegetative granules, which 
we previously observed in the residual protoplasm of the early 
cyst, arise in the same manner as similar plastid and vegetative 
products in other animal and plant cells. 

Bearing in mind the evidence that mitochondria appear to 
be the centres of general protoplasmic synthesis within the 
living cell, it is of interest to observe that in Monocystis 
there occurs a stage in the life-cycle of this organism—namely, the 
spore phase—wherein synthetic activity and digestive activity 
do not occur, and moreover, at this period previous observations 
have shown that mitochondria can no longer be detected within 
the protoplasm of the cell. The study of the behaviour of mito¬ 
chondria throughout the life-history has shown that these bodies 
make their reappearance in the free active sporozoite at a time 
when chemical synthesis takes place. Later, the growth of the 
sporozoite into the adult individual is accompanied by an in¬ 
crease in the number of cell mitochondria. This evidence seems 
to suggest that the reawakening of cellular activity within the 
spore is dependent upon the reformation of mitochondria. 
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Summary. 

1- Observations show that mitochondria are capable of aris¬ 
ing de novo in the freshly liberated sporozoite stage of the 
life-cycle of Monocystis. 

2. Mitochondria are present in large numbers throughout the 
course of the asexual phase of the life-cycle. During the con¬ 
jugation of the gametocytes the rod-like mitochondria give rise 
to numerous spherical bodies. At fertilization the mitochondria 
within the gametes appear to fuse, resulting in the formation of 
larger clumps. 

At the commencement of the spore phase the mitochondria 
gradually decrease in numbers, and are totally absent within the 
mature spore. Later, the growth of the liberated sporozoite 
or young trophozoite is accompanied by a reformation and rapid 
reproduction of mitochondria. 

3. The disappearance and reformation of mitochondria during 
certain stages of the life-cycle may be correlated with their 
apparent synthetic activity. 

I am greatly indebted to Professor W. E. Agar, F.R.S., for 
his valuable suggestions. 

This investigation was carried out during the tenure of a 
Government Research Scholarship in Zoology at the University 
of Melbourne. 
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DESCRIPTION OP PLATE 9. 

Sections of Monocystis at various stages of the life-cycle. 
All figures.are drawn^rom material fixed in either Flemming's 
solution without acetic or else in a Champy fixative and stained 
with Heidenhain’s iron haematoxylin, and occasionally counter- 
stained in eosin. 

i $ , ig. 1.—Longitudinal section of adult individual or Trophozoite, shoving 
mitochondria scattered throughout the medullary region of the organism. 
Note mitochondria lying close to and in intimate contact with outer surface 
of nucleus. 

Fig. 2.—Section showing association of two adult organisms within the 
cyst. Note the increase in the number of spherical mitochondria, which 
have arisen by fusion of the rod-shaped mitochondria of the previous stage. 

Fig. 3.—Section through cyst showing mitochondria within the proto¬ 
plasm of the gametes, showing conjugating gametes and larger granular 
clumps (x and z) formed by fusion of the mitochondria. Within the residual 
protoplasm are seen the three types of granules. M, mitochondria; L, 
Hpoidal droplets; v, vegetative grains. 

Fig. 4.—Section showing mature cyst. The residual protoplasm has been 
completely absorbed. Note the absence of mitochondria within the spores. 

^ The nuclei of spores are stained clearly. 

* Fig. 6.—Longitudinal section through two spores as seen under higher 
magnification. Note how the nuclei of each spore stains clearly, and also 
the total absence of mitochondria. 

Fig. 6.—Section cut through a sporozoite showing the reappearance of 
mitochondria. 

Fig. 6 a. —Section of same as seen with higher magnification. Note 
the rod- and spherical-shaped mitochondria in cytoplasm, together with 
sharply stained nucleus. 
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Introduction. 

The structure intervening between the ventricle of the heart 
in fishes and its prolongation beyond the borders of the peri¬ 
cardiac cavity has be^u described under a number of different 
names. In literature of the early nineteenth century it occurs 
as the ‘ branchial artery ’ (cf. Home* 10). Other terms such as 
bulbus arteriosus, bulbus aortae, and bulbus cordis were also 
commonly applied to it, however, and these have passed into 
general use. ^ 

In a note published^ in 1842 (15) and again two years later 
in his important paper on the morphology and definition of the 
. Ganoidei (16, p. 127), Joh. Muller emphasized the presence of 
a muscular covering over the bulbus arteriosus in the so-called 
ganoid fishes and in certain of the Selachii. He was followed, 
1866, by Gegenbaur (6), who was so deeply impressed with the 
apparent distinctions, both structural and functional, between 
the bulbus arteriosus in Selachii and Teleostei that he intro¬ 
duced the special term for the former, ‘conus arteriosus’. 
(* Ich bezeichne diesen Theil als Conus arteriosus, da er dem 
gleichnamigen Abschnitte der Hammer der hoheren Wirbel- 
thiere entspricht.’) 

Gegenbaur’s nomenclature was adopted. Without question 
his opinion was supported in the strongest possible manner by 
the evidence he brought together from the comparative anatomy 
of the heart in adult fishes. When however the more recent 
facts of the early development of this organ are considered, it 
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becomes questionable whether the distinction is in reality a true 
morphological one. The heart is now regarded as a specially 
modified part of the primitive subintestinal blood-vessel, whose 
contractile tissues are localized by the boundaries of a compara¬ 
tively small eoelomic space—the pericardiac cavity. The head- 
ward or anterior boundary of this cavity is fixed early in de¬ 
velopment, and with the completion of the posterior wall the 
developing cardiac tube becomes entirely enclosed. There are 
some exceptions to this. In certain Selachii and Chondrostei, for 
example, the pericardiac cavity is never completely shut off 
from the general body-cavity, and in Myxinoidea the two spaces 
remain in co mmuni cation throughout life by a wide lateral 
opening. As a rule, however, the forerunner of the heart finishes, 
its development within a completely sealed cavity. 

It is a commonplace that the growth in length of the heart 
rudiment and that of the pericardiac space do not keep pace 
with one another. The heart rudiment grows much the faster 
and, being fixed at each end by the pericardiac wall, it is thrown 
into folds. The amount of folding is obviously controlled at any 
one time by the size of the pericardiac cavity, and it is not 
therefore surprising to find that the different orders of fishes 
show much variation in this respect. It is probably most ex¬ 
aggerated in the development of the heart in Dipnoi. Eobertson 
(20, Text-fig. 8, pp. 82, 86), for instance, showed how in 
Lepidosiren the heart rudiment suffers a severe twist in 
development which is not corrected until later enlargement of 
the perieardiac space antero-posteriorly releases some of the 
tension at the extremities of the heart tube. 

A fundamental relationship between the anterior and pos¬ 
terior boundaries of the pericardiac cavity and the developing 
heart is clearly established. Indeed, in a number of the lower 
Gnathostomata they form indisputably the limits of the adult 
heart also. There is strong support therefore for the opinion 
that every part of the cardiac tube within the boundaries of the 
pericardiac space is to be regarded as morphologically a part of 
the heart, and it is the point of view adopted here. *In conflict 
with this view is the hypothesis that the bulbus arteriosus in 
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Teleostei is a part of the ventral aorta which has secondarily 
extended backwards soas to replace part of the cardiac tube. This 
attractive theory, illustrated by Boas’s well-known figure (1, 
fig. 352, p. 418), receives very general acceptance. But the 
facts that may be brought forward to show that the bulbus 
arteriosus in Teleostei is simply part of the original conus arter¬ 
iosus, i. e. the pre-ventricular portion of the primitive cardiac 
tube, indicate that the theory ought to be abandoned, and 
that the explanation of the contrast between the structures 
evolved should be sought in the substitution of an automati¬ 
cally contractile apparatus in this part of the heart of higher 
fishes in place of one which had originally independent powers of 
contraction. 

The term conus arteriosus is accordingly used in the following 
pages in the widest sense to include the whole of the * morpho¬ 
logically anterior portion of the primitive cardiac tube ’ (cf. 11, 
p. 38). 

Elasmobranchii. 

The conus arteriosus in Elasmobranchii is a well formed 
straight and important chamber of the heart. It has fairly thick 
walls and a wide lumen. The presence of a muscular covering— 
the so-called myocardiac coat—over it has already been in¬ 
dicated (Muller 15 and 16), and correlated with this is the well- 
known fact that the conus 4 contracts rhythmically like the rest 
of the heart ’ (cf. Clark 4, p. 23). The myocardiac fibres con¬ 
tinue apparently without interruption into the ventricle, where 
they min g le with similar fibres belonging to the ventricle itself. 

The lumen of the conus is occupied to a greater or less 
extent, according to the species, by a notable development of 
the endocardiac lining. The tissue expands into loose, almost 
gelatinous sheets (cf. Gegenbaur 7, p. 352), which are thrown 
into ridges extending from end to end of the conus. Gegenbaur’s 
figure of a longitudinal section of the conus in a 5 cm. embryo 
A cant hi as (8, fig. 6, p. 605), for example, shows two of the 
wide continuous endocardiac ridges. A similar longitudinal 
section through the conus of a young specimen 22 cm. in length 



148 


C. W. PARSONS 


shows the ridges segmented into valves. It will be noted that the 
valves in each longitudinal row are not equally well developed. 
It will also be clear from the transverse sections la and lb, 


Text-figs. 1, la, lb. 



1. Horizontal section of the conus arteriosus of a young 
cm ; ^ region of the transverse 

section, Text-fig. la; 6., region of the transverse section, Text-fig. 
1 1 >; e., endocardiac lining of the conus ,* l, lumen of the conus 
m '> ^yocardiac coat in the conus wall; p., pericardiac wall 
r., nage of endoeardiac tissue between valve circles 1 and 2 
v., pocket valve. 

lb-—Bapsverse sections of the above in the regions a. 
respeotiveiy L " m0rphologicaU y dorsal, right, and left valves 


U»t the number of valves in a circle at the base of the conus 
is four, and that at the headward end, i.e. the point fixed in 



CONUS ARTERIOSUS 


149 


position by the anterior waE of the pericardiac cavity, it is 
reduced to three. 

The convention followed in describing the endocardiac ridges 
of the conus arteriosus and their derivatives, the valves, may 
be explained with advantage here. It is a method due to 
Graham Kerr (12, p. 878) of considering the morphological posi¬ 
tion of these structures at the headward end of the conus 
arteriosus and of naming them accordingly. Thus four valves 
occupying these positions at the fixed headward end are named 
Eight, Dorsal, Left, and Ventral respectively. Abbreviation 
to R., D., L., and V. is clearly convenient for this particular 
circle of valves. 

Applying this convention to the disposition of the chief conus 
valves in Acanthias (Squalus): 

1. The valves are in four circles. 

2. The right, dorsal, and left endocardiac ridges are present 

throughout the adult conus arteriosus; the ventral 
ridge is reduced and appears only in the hinder section 
of the conus, i. e. nearest to the ventricle. 

3. The circles of valves: 

Circle 1.—R., D., and L. well-developed pocket valves. 
Circle 2.—Reduced valves, or plain ridges, occur in the 
right, dorsal, and left axes only. 

Circles 8 and 4.—Pocket valves in the right, dorsal, and 
left axes; a smaller pocket valve, or solid strip of endo¬ 
cardiac tissue appears in the ventral axis. 

Gegenbaur (6, p. 366) showed that the only valves consis¬ 
tently well developed in the conus of adult Acanthias were 
situated in the foremost and hindmost circles, i.e. the first and 
fourth. Stohr (26, p. 212) recognized among the intervening 
structures two types of valves, namely (1) typical pocket valves, 
and (2) a form of valve without cavity to which he applied the 
term tongue valve. No doubt the latter are represented by the 
strips of endocardiac tissue mentioned above. It is interesting 
to note that Stohr found he could distinguish four different 
grades of endocardiac valve among the Selachii and Ganoidei, 
but the intermediate types which he particularized do not 



150 


C. W. PARSONS 


appear to be constant either in position or form, and the dis¬ 
tinctions between them are not therefore specially stressed 
in this paper. 

O’Donoghue and Abbott (18, p. 828) describe ‘very tiny 
accessory flaps * in the conus of A cant hi as. These super¬ 
numerary valves are not always present, but when found they 
will be seen in circles S and 4 on one side or other of the dorsal 
row of valves. These authors do not find units in the ventral axis 
of the conus and therefore describe the position of the pre¬ 
dominant rows of valves as one dorsal and two ventro-lateral 
rows. A conspicuous feature of the conus arteriosus in Acan- 
thias is the wide space between circles 1 and 2 (cf. Gegenbaur, 
loc. cit., 6, p. 367). It is bridged by thickened endocardiac 
ridges (cf. Text-fig. 1, r.). An important detail to notice also 
is the presence of the myocardiac coat over the whole of the 
conus from its base to the pericardiac boundary. 

The conus of the heart in the commoner species of Eaia 
resembles that of Acanthias in having a fully developed 
myocardiac covering. There is a difference in the arrangement of 
the endocardiac valves. In B a i a there is no wide space between 
the first and second circles of valves. The number of circles of 
valves may vary within the genus between four and five more¬ 
over (cf. Joh. Muller, loc. cit., 15, and Pettigrew, 19). The 
latter observed in E. bat is ‘three pyramidal rows of five 
each \ i. e. five circles of valves in three longitudinal rows (cf. 
19, p. 779). With this computation Stohr disagreed. He found 
only four circles of valves in both E. batis and R. clavata 
(loc. cit., 26, p. 219). Stohr drew attention to a distinction 
between these two however, in the size of the valves of the 
first circle as compared with those that follow in the second. In 
R. clavata the valves of the foremost circle are not con¬ 
spicuous, whereas in E. batis they are distinctly larger than 
those that occur in any of the other circles. Transverse sections 
through the conus arteriosus of E. batis at its apex and base 
showed no trace of the ventral endocardiac ridge in either 
situation, and the condition of the endocardiac apparatus in 
the two species may therefore be summarized as follows : 
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Haia bat is.—Valves in five circles. Pocket valves well 
developed in every circle. 

Circle 1, R., D., L., larger than the remaining valves. 

Circles 2-5, three valves in each circle lying on three 
endocardiac ridges in the right, dorsal, and left axes. 

Raia clavata.—Valves in four circles. Pocket valves in 
each circle about equal in size and their positions identical 
with those of the corresponding valves in R. batis. 

In Scyllium canicula the muscular covering of the conus 
in the adult heart does not as a rule extend as far as the peri¬ 
cardiac boundary. It falls short of this fixed point by an 
amount that appears to vary in different specimens. At its 
maximum about one-third of the conus may be without its 
myocardiac coat and the place of it is taken by tissue of the 
same nature as that which comprises the wall of the ventral 
aorta beyond the pericardiac boundary. Though compara¬ 
tively short, this section of the conus has only unstriped muscle 
in its wall therefore, and if Gegenbaur’s distinction between 
conus and bulbus arteriosus were to be applied strictly, it would 
be necessary to recognize that both are represented in the eonus 
of this Elasmobranch. The distinction is not only an external 
one. The development of the endocardiac tissue, and therefore 
of the valves within the lumen of the conus, closely corresponds 
with the amount of reduction in the outer myocardiac 
covering. Thus, three circles of complete pocket valves may 
be found in the conus of Scyllium when the myocardiac coat 
is at its maximum length (cf. Text-fig. 2 b). In cases where this 
muscular layer is much reduced, however, only two circles of 
conus valves may be separately identified. Probably it was for 
this reason that Meckel found only two circles of valves in 
Scyllium canicula, and Stohr described three (loc. cit., 26, 
p. 214). A series of transverse sections of the conus do not 
show more than three complete valves in each circle. Those 
on the right and left sides of the conus are larger than the valves 
in the dorsal position. The former tend, especially at the base 
of the conus, to enclose narrow areas close to the attachments 
which they make with the conus wall. Outward appearances 
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then suggest the presence of incipient pocket valves. This 
however is not the case, for the cavity of any one of the appar¬ 
ently new valves can be shown to be continuous with the cavity 
of the valve from which it has been derived. 


Text-eigs. 2 a, 2 b, 2 c. 



clavata. 

Fig. 2 b. —Horizontal section of the conus arteriosus of Scyllium * 
canicula. 

Fig. 2 c,—Horizontal section of the conus arteriosus of Pristiurus 
melanostomus. 

Showing the reduction in extent of the myocardiac coat m. Other 
structures as in Text-fig. 1. 

The position in Scyllium is therefore: 

Valves in two to three circles. Pocket valves clearly differen¬ 
tiated in every circle. They occur only in the right, dorsal, 
and left axes. 

This formula is true also of the heart of Pristiurus melano* 
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stomus except that the number of circles of valves is not 
greater than two. In Pristiurus moreover, the myocardiac 
coat in the conus wall is invariably short. As a rule it does 
not extend over more than half the distance between the base 
of the conus and the pericardiac boundary. The result is 
that the base of the first circle of valves is half-way down the 
conus, and there is a considerable region in front, entirely free 
from valves, which presumably cannot be rhythmically con¬ 
tractile (cf. Text-fig. 2 c). 

The four Elasmobranchii that have been under discussion 
thus far clearly show a tendency to reduce the muscular cover¬ 
ing of the conus arteriosus. It is notable that hand in hand with 
this process has gone the virtual elimination of the ventral endo- 
cardiac ridge, a reduction in the number of valves in each of the 
longitudinal rows remaining—from a maximum of five to a 
minimum of two—and, the commencement in Scyllium of 
a process which resulted in the enlargement of the valves of the 
morphologically right- and left-hand sides with atrophy of the 
traces of the dorsal endocardiac ridge also. 

Crossopterygii. 

Turning to some of the fishes which occupy a rather 
isolated zoological position, it will be convenient to consider 
first the condition of the conus arteriosus in Polypterus. 
The figure shows that the proportions of this chamber in com¬ 
parison with those of the remainder of the heart are far from 
mean. The myocardiac coat extends forwards over the conus 
to the pericardiac boundary and the six endocardiac ridges are 
split up into a very large number of valves. Boas (2, p. 324) 
recognized three chief longitudinal rows of valves, each com¬ 
prising nine units, and three lesser rows in between them, also 
composed of nine small units, i. e, nine circles of valves arranged 
in six longitudinal rows each of which is made up of three 
large and three small units. Gegenbaur, on the other hand (loc. 
cit., 7, p. 356), stated that the number of valves in the fore¬ 
most circle—circle 1—may vary between two and five. He 
noted eight further circles, comprising three valves each, and 



Text-figs. 3, 3 a. 



Kg. 3.—Diagram of a ventral dissection of the conus arteriosus 
and ventricle ofPolypterus. B., pocket valve in the morpho¬ 
logically right axis. 2>., pocket valve in the morphologically dorsal 
axis. L., pocket valve in the morphologically left axis. V. 9 pocket 
valve in the morphologically ventral axis, a., region of the trans¬ 
verse section, Text-fig. 3a; p., pericardiac wall; At, atrium; 
Fe., ventricle; e., endocardiac valves. 

Kg. 3a.—Transverse section of the conus of Polypterusin the 
region a . Lettering as in Text-fig. 3; m., myocardiac coat. 
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mentioned that rows of smaller valves occurred in between 
them. Of the variability in the number of endocardiac valves 
in this species there can be no doubt—eight circles of valves in¬ 
stead of nine, for example, are shown in Text-fig. 3. There are six 
longitudinal rows of valves of which only three extend through¬ 
out the whole length of the conus. With regard to the circles : 

Circle 1 comprises three large pocket valves, R., L., V., 
and a smaller pocket valve D. The rim of the latter does 
not reach to the same level as the rims of the other valves 
in the circle. 

Circles 2-7 comprise six valves each, many of which have 
no cavity. The valves in the central areas of the conus 
show by their serrated margins a clear tendency to divide 
further, and the axes they occupy are right, dorsal, left, 
ventral, and intermediately, between the ventral and right 
axis and the ventral and left axis. 

Circle 8 comprises four pocket valves, three of which lie 
in the left, right, and ventral axes of the conus and the 
fourth between the left and ventral axes. 

The reduction of the morphologically dorsal valve (D.) at the 
headward end of the conus in the specimen illustrated and the 
strong development of the unit in the ventral axis (V.) is 
brought out by the transverse section, Text-fig. 3 a. In this 
detail is a marked contrast to the arrangement noted in the 
Elasmobranchii, where the ventral axis in the corresponding 
part of the conus bears no trace of endocardiac tissue. 

It is also clear that while inPolypterus endocardiac ridges 
are well developed in each of the four main morphological axes, 
right, dorsal, left, and ventral, the dorsal ridge and its valve 
derivatives give signs of decreased usefulness and therefore of 
approaching elimination. 

Holostei. 

Very similar to the conus of Polypterus is that of Lepi- 
dosteusosseus. In this species, however, there are typically 
eight circles of endocardiac valves set in eight longitudinal 
rows. Four of the latter are developed more strongly than the 



Test-figs. 4,4 a. 



Fig. 4.—-Diagram of a ventral dissection of the conus arteriosus and 
ventricle of Lepidosteus. a., region of transverse section, 
Text-fig. 4a; other structures as in Text-fig. 3. 

Fig, 4 a. —Transverse section of the above in the region a. 
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remainder and are remarkable because the positions they 
occupy are intermediate between the right, dorsal, left, and 
ventral axes. 

The arrangement of the circles is shown diagrammatically in 
Text-fig. 4, thus: 

Circle 1 comprises four equally well-developed pocket valves. 

Circles 2 and 3 comprise seven valves. Four of these are 
in line with the intermediate pocket valves of circle 1. 
The remainder, in the right, dorsal, and left axes of the 
conus, are small valves with their cavities poorly developed 
or quite obliterated. 

Circles 4 and 5 resemble the preceding circle with the 
addition of an extra unit in the ventral axis. The total 
number of valves in these circles is thus made up to eight. 

Circles 6 and 8 comprise five valves. Units are omitted 
from the right, dorsal, and left axes, but one is present in 
the ventral axis. 

Circle 7 comprises six valves. Five arranged as in the 
circles 6 and 8, and an extra unit in the right axis. 
Variation in the number and position of the minor valves in 
each circle relative to the dominant valves is to be expected. 
Stohr (loc. cit., 26, p. 224) pointed out that they become fewer 
beyond the fourth circle, and Boas (loc. cit., 2, p. 323) noticed 
that the small rows of valves do not extend uniformly through¬ 
out the conus, &c. Many of the valve units are reduced to solid 
knots of endocardiac tissue which contrast strongly with the 
prominent pocket valves of circle 1. 

In both Lepidosteus and Polypterus the individual 
valves are joined to one another by fibrous connecting strands 
of tissue. A more strongly marked central ridge of this tissue 
runs forward from the base of each valve and probably repre¬ 
sents the original endocardiac ridge. There are clearly eight of 
these in Lepidosteus and six in Polypterus. 

Chondrostei. 

The clear-cut, well-formed pocket valves in the conus 
arteriosus of an adult Acipenser do not present a very close 
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resemblance to their homologues in Polypterus and Lepi- 
dosteus. Stohr (loo. cit., 26, p. 221) described the variation 
in the number of these valves in different specimens of Aci- 
penser sturio. The number of circles of valves (three) was 



Fig. 5.—Sagittal section of the heart in Acipenserrnthenus. At ., 
p. t e., as in Text-fig. 3 ; m. 9 myocardiac coat in the conus wall; s., 
peripheral blood sinuses ; a. and region of transverse sections. 

Fig. 5a.—Transverse section through the conus arteriosus of Aci- 
penser in the region a. D., L., R., dorsal, left, and right endo- 
cardiac valves of circle 1. 

Fig. 5b.—Transverse section through the conus arteriosus of Aci- 
penser in the region b. 1-6, the six pocket valves of circle 2. 


identical in all cases ; but the number of longitudinal rows was 
indeterminable owing to the fact that the number of valves 
in each circle was not constant. 

Circle 1 comprised four valves, one of which is said to have 
been frail or rudimentary. 

Circle 2 comprised five to six valves. 

Circle 3 comprised four to five valves. 

With this formula the arrangement of the corresponding valves 
in the sterlet Acipenser ruthenus and in the * shovel 
nosed Sturgeon’ Scaphirynehus platyrynchus was 
found to agree very well. In the former, three valves only 
occurred in circle 1, lying in the axes D., R., and L. (cf. Text- 
fig. 5 a). 
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TherO is a long interval between circles 1 and 2 (cf. Text- 
fig. 5). 

Circle 2 comprises six valves (cf. Text-fig. 5 b). 

Circle 3 comprises only four valves. 

The enlargement of the morphologically right-hand valve (E.) 
at the headward end of the conus, and the consequent deflexion 
of the dorsal valve (D.) to the left-hand side, is depicted in the 
Text-fig. 5 a. 

In Scaphirynchus: 

Circle 1 comprises three well-developed pocket valves and 
a small solid strip of endocardiac tissue in the morpho¬ 
logically ventral position. The pocket valves, R., D., and 
L., are so large that they practically occlude the conus 
lumen by themselves. Partly because of their size and 
partly because they are set farther from the pericardiac 
boundary than are the corresponding valves in circle 1 of the 
sterlet, the interval between these valves and the valves of 
circle 2 is considerably less than the corresponding interval 
in the conus arteriosus of the sterlet. 

Circle 2 comprises six pocket valves. 

Circle 8 comprises four well-developed pocket valves and 
one solid rudiment. 

The external appearance of the heart in both Acipenser 
and Scaphirynchus is striking because the wall of the 
ventricle is enclosed by a loose covering of connective tissue 
which bears a profuse development of peripheral blood sinuses. 
This covering spreads over the conus so completely that it gives 
to it an appearance of being telescoped into the ventricle (cf. 
Text-fig. 5). 

In Polyodon, according to Danforth (5), the number of 
circles of valves may vary between three and four. The number 
of prominent longitudinal rows, on the other hand, is four. 

The myocardiac covering of the conus arteriosus in Poly- 
pterus, Lepidosteus, and Acipenser meets the 
boundary of the pericardiac space. In Scaphirynchus it is 
set back from this fixed point by a small amount, and in Amia 
the process has advanced a great deal farther. 
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A mi a—usually classified with the Holostei—stands in an 
isolated position where the conus arteriosus is concerned. For 
rather more than half its length the conus wall is built up 
largely of striped muscle, but the remaining headward portion 
is composed entirely of smooth, unstriped muscle, without any 
trace of myocardiae covering. The construction of the whole 
recalls that of the conus arteriosus in Pristiurus although 
the endocardiac apparatus is not so closely paralleled. 

The valves are arranged in Amia, as Stohr (loc. cit., 26, 
p. 225) and Boas (loc. cit., 2, p. 324) pointed out, in three 
circles and four longitudinal rows. They are all functional 
pocket valves but are not all of the same size. The rows of 
valves in the right and left morphological axes predominate in 
each circle, and though quite definite, the valves in the dorsal 
and ventral axes are by comparison very small indeed (cf. 
Text-fig. 6 a, valves no. 1 and 3). 

The biggest pair of all the valves are situated at the headward 
end of the conus, in circle 1. They are especially notable because 
a large number of fine fibres, which are fixed to the inner wall of 
the conus just behind the pericardiac boundary, run backwards 
to their attachments on the valve margins and traverse the 
lumen of the conus in doing so (cf. Text-fig. 6, t). The impor¬ 
tance of this feature lies in the fact that it may be interpreted 
as evidence of the former forward extension of the part of the 
conus that has striped muscle in its wall. The valves in question 
lie immediately beneath this muscular part of the conus wall, 
whereas the fibres extend well into the region that has no myo- 
cardiac covering. If the view which regards such fibres as due 
to the destruction of the valve walls is reasonable, their forward 
attachments are clear indications of the former boundaries of 
the valves themselves. The association between the foremost 
circle of endocardiac valves and the headward limit of the 
myocardiae coat is close in this and other species, and prob¬ 
ability seems therefore to favour the view that the endocardiac 
ridges extended farther forwards in pre-existing forms, and that 
there went with this, a greater forward extension of the muscular 
covering. 
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Ami a is not unique in the possession of fibrous connectives 
'between the'valves of circle 1 and the conus farther forwards* 
Boas drew a comparison between A mi a in this respect and one 
of the Teleostean fishes (3, p. 529). 

Text-figs. 6, 6 a. 


t 



Fig. 6.—Longitudinal section a little towards the right side of the 
conus arteriosus of Amia. t, thread attaching the rim of the 
right-hand valve in circle 1 to the conus wall. Other lettering as in 
previous Text-figures. 

Fig. 6 a.—Transverse section through the conus arteriosus of Amia 
in the region a . Note four pocket valves 1-4, and the junction 
between the myocardiac coat m. and the conus wall W . of the 
headward section of the conus. 

At this point attention ought also to be drawn to the fact 
that the development and degree of importance of the pair of 
pocket valves at the headward end of the conus in Amia is 
paralleled by a corresponding though much less marked develop- 
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ment of valves in this situation, as compared with the others, 
in the conus of Polypterus, Lepidosteus, Acipenser, 
and Seaphirynchus. 

Dipnoi. 

The conus arteriosus in Dipnoi has been the subject of in¬ 
vestigation, notably, byLankester (14, p. 498), Boas (loc. cit., 2), 
and Bobertson (loc. cit., 20). Lankester and Boas were both 
concerned with Ceratodus and Protopterus, Robertson 
with Lepidosiren. The whole position has been summarized 
from the point of view adopted in this paper by Graham Kerr 
(loc. cit., 11, pp. 40 et seq .; loc. cit., 12, pp. 877-8; 18, p. 888), 
so that only a few of the more important features of these 
interesting hearts need comment here. 

It is commonly stated in both the older and more recent 
literature that the conus arteriosus in Dipnoi is twisted. The 
assertion is made, for example, of the adult heart of Oerat- 
odus (cf. Lankester, loc. cit., 14, p. 496, and Nierstrasz, 
17, p. 662). The evidence already quoted of the developing 
heart rudiment in Lepidosiren (Robertson, 20, p. 86) 
shows that this is not so. The characteristic shape of the conus 
in its final form is to be interpreted rather as a fold or double 
flexure (cf. 11, p. 41). In Ceratodus and Protopterus 
a similar flexure occurs. 

With regard to its musculature, the conus in Dipnoi has the 
third nearest to the ventricle covered with a myocardiac coat 
which is histologically identical with the muscle of the ventri¬ 
cular wall. At the apex of the first flexure, however, the myo¬ 
cardiac coat thins out perceptibly and continues as a very thin 
sheet of tissue to the anterior pericardiac boundary. Internal 
to this remnant of the former muscular wall there lies a layer of 
tissue similar in every respect to that which forms the wall of the 
ventral aorta. 

There is ample evidence for the opinion that endoeardiac 
valves in the Dipnoi have tended to revert to the primitive 
condition of endoeardiac ridges. The process in this direction 
has advanced least in the conus arteriosus of Ceratodus. 
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If this is laid open (cf. Goodrich, 9, fig. 219, p. 250) a display of 
valves will be seen at the headward and posterior ends of the 
conus flexure that recalls the arrangement of valves in the conus 
of Lepidosteus. The valves at the headward end are dis¬ 
posed in two circles of four units each, those at the base of the 
conus are in more than four circles; but their n um ber is variable. 
Boas (loc. cit., 2, p. 329), for instance, calculated a circle of 


Text-fig. 7. 



Diagram of a ventral dissection of the conus arteriosus in Cerat- 
odus. off., afferent branchial vessels; /., longitudinal fold— 
Ridge R.; v., valves at the base of the longitudinal fold; 2?., 
p., e., lettered as in previous Text-figures. 

ten units in one case. By far the most arresting feature of the 
conus in Oeratodus is the great development that has taken 
place in one of the longitudinal rows of endocardiac valves. It 
has gone on to the exclusion of all the other endocardiac valves 
in the central region of the conus. This is of course the region 
chiefly concerned in the actual flexure. The individual valves 
in the row in question are distinguishable only at the ventri¬ 
cular end of the conus (cf. Text-fig. 7, v.). There are three or 
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four valves closely bound to one another in this part of the row, 
and they occupy a ventral position in the adult heart. Beyond 
the margin of the foremost of these units the row extends as a 
continuous and strongly developed ridge or fold. The ridge has 
received various names, e.g. ‘spiral valve’, ‘conus valve’, 
and ‘ longitudinal fold It seems best to adhere to the latter, 
the name originally employed by Boas. The longitudinal fold, 
then, reaches across the floor of the conus and round the double 
flexure. Arriving in the headward section of the conus, it stops 
short just behind the valve in circle 2 which lies in the morpho¬ 
logically right-hand axis. The conditions in Blasmobranchii 
clearly show that each longitudinal ridge in the conus was 
primitively continuous from end to end. It is therefore 
justifiable to regard the break in the longitudinal fold in 
Ceratodusas secondary, and to name the fold ridge B. for the 
whole of its extent. The apparent spiral form of this fold is 
responsible largely for the impression that the conus of the adult 
heart is twisted. Robertson showed, however, that the similar, 
though more profound, spiral form o.f the 4 bulbus ’ valve in 
Lepidosiren was due in development to ‘the process of 
kinking and asymmetrical expansion of an elongated but originally 
straight bulbus and not to any twisting or counter-twisting of 
that segment of the heart ’ (loe. cit., 80, p. 104). It is interesting 
to note also that the longitudinal fold arises in Lepidosiren 
in two portions discontinuously. One of these belongs to the 
right wall of the conus, the other to the ventral wall. The former 
gives rise to the longitudinal fold of the middle and headward 
portions of the conus, and the latter to the longitudinal fold of 
the base of the conus, i.e. nearest to the ventricle. There is 
therefore agreement between Ceratodus and Lepidosiren 
on the position of the headward end of this fold although, as 
has been pointed out, in Ceratodus the fold stops short in 
the headward portion of the conus. Reasons for regarding the 
fold in Ceratodus as representing ridge R. throughout its 
length have been given, and there is therefore every support 
for the opinion that the same is true of the longitu dina l fold in 
Lepidosiren. In both cases the movement of the fold 
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from the right to the apparent ventral axis must be due to the 
conus flexure. 

In Protopterus Lankester discovered minute traces of 
valves far down at the base of the conus, but he failed to find 
any similar traces in the headward portion (loc. cit., 14, pp. 501, 
502). The longitudinal fold is prolonged as it is in Lepido- 
sir en, and it fuses, in the headward end of the conus, with an 
almost equally well-developed sheet of endocardiac tissue that 
lies on the opposite wall in the morphological axis L. (cf. 9, 
fig. 218, p. 249). The two sheets of endocardiac tissue form a 
most effective septum which extends backwards to the begin¬ 
ning of the conus flexure. 

In Lepidosiren again the longitudinal fold fuses at the 
pericardiac border with a sheet of endocardiac tissue on the 
opposite wall of the conus, but the septum is not so strongly 
developed as it is in Protopterus. Three persistent rows 
of vestigial pocket valves in the basal portion of the conus 
of Lepidosiren were noted by Robertson (loc. cit., 20, p. 57). 

Teleostei. 

At the time when he proposed the name conus arteriosus for 
the contractile anterior segment of the heart in Elasmobranchii, 
Gegenbaur commented upon the main points in which it differs 
from the corresponding part of the heart in Teleostei (loc, cit., 
6, pp. 373-4). The latter is distinguished by the nature of its 
walls and by the fact that it does not contract rhythmically. 
A myocardiac covering is entirely absent from the conus in the 
vast majority of Teleostei, and some differences of opinion have 
been expressed on the manner in which this came about. There 
are two explanations. The myocardiac coat has been lost either 
by recession, i.e. intussusception, into the ventricle, or by 
overgrowth of the mass of. tissue in front of it. Roth explana¬ 
tions are said to be valid. Smith (24, p. 70) noted that the situa¬ 
tion of the valves in relation to the ventricle in some cases 
favoured one explanation, in others, it favoured the other. 

The conus wall in Teleostei is built up characteristically of 
tough connective tissue, plain muscle-fibres, and elastic fibres 
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which together form a mass varying greatly in size among the 
different genera. The lumen of the conus also presents a variable 
appearance. The common Wrasse, the Tarpon, and Sym- 
branchus resemble one another, for example, in the posses¬ 
sion of a conus with the inner walls ridged by a number of 
conspicuous plain muscle-strands or trabeculae, which extend 
fr om one end of the conus to the other. At the opposite extreme 
are forms such as the Cod, whose inner conus wall is remarkably 
smooth. Gegenbaur expressed the opinion that variation of the 
Teleostei on this point indicated a trend from the ridged 
towards the smooth condition. Intermediate types are not lack¬ 
ing. The inner wall of the conus of the Salmon, for example, is 
divided by flat trabeculae at the headward end, but at its base 
the lining is perfectly smooth. The contrast between the 
smooth and ridged types of lumen is unmistakable if the figures, 
Text-figs. 9 a and 9 c, are compared. 

Another very variable feature of the conus arteriosus in 
Teleostei is the degree of cohesion between the muscular and 
elastic fibres that form its wall. In trabeculate forms such as 
Symbranchus (Text-fig. 9c) the conus wall is very compact. 
In the common Dab, on the other hand, the conus wall is com¬ 
posed of a loose spongework through which are innumerable 
interstices (cf. transverse sections 8 b and 8 c). 

The external appearance of the teleostean conus is also 
variable. It may be very short and swollen as it is in the Dab, 
or long and narrow as it is in the Gurnard and Symbranchus. 
The heart of Gy mnarchus is remarkable because the surface 
of the conus is moulded into four or more large swellings 
similar to those shown in Text-fig. 8, cs. But, in spite of the 
relative differences in external diameter, the nature of the conus 
wall is constant, i.e. in forms that have an elongated conus the 
spongework is merely more compressed and its interstices are 
fewer and smaller. 

The endocardiac tissue in Teleostei has a plain surface on 
which a single circle of valves are typically developed. These 
are situated at the ventricular end of the conus and may be 
sunk deeply into the mass of the ventricle itself. There are 
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some exceptions. Boas (loc. cit., 3, p. 528) reckoned two circles 
of valves in Butirinus (Albula) comprising six units in all. 
Circle 1 comprises two valves. 

Circle 2 comprises four valves; two large valves situated 
on the right and left wall respectively at the base of the 
conus, the other two intermediate in position and small. 

Text-figs. 8, 8 a, 8 B, 8 b, 8 C, 8 c. 





Fig. 8.—Diagram of the heart ofG-ymnarchus excluding the sinus 
venosus. At., atrium; Ve., ventricle; c., conus; cs., conus 
swelling; p., pericardiac wail; a., region of transverse section. 
Text-fig. 8 a. 

Fig. 8 a.—Transverse section of the above in the region a. L, lumen 
of the conus; cs. t conus swelling. 

Fig. SB.—Diagram of the heart of the common dab (Hippo - 
glossoides limandoides). region of transverse section. 
Text-fig. 8 b; other lettering as in Text-fig. 8. 

Fig. 8 b.—Transverse section of the conus arteriosus of the dab. 
L, lumen of the conus. 

Fig. 8 C.—Diagram of the heart of Symbranchus. Lettering as 
in Text-fig. 8. 

Fig. 8 c.—Transverse section of the conus arteriosus of Sym¬ 
branchus. 1. 9 lumen of the conus; t., trabeculae. 


Senior (21, p. 148) described four valves in two circles in the 
Tarpon, Megalops atlanticus, and (22, p, 879) in 
Megalops cyprinoides. The valves are close to the ven¬ 
tricle and are arranged in two longitudinal rows on the right 
and left sides of the conus (cf. Text-fig. 9b). 
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In Pterothrissus, again, Senior found two transverse 
tiers of valves, i. e. valves in two circles (28, p. 84). 

The single circle of valves in Teleostei may comprise more 
than two units. Gegenbaur pointed out, for instance, that while 
there is only one circle of valves in the conus of the sword-fish 
Xiphias, it is comprised of four units (loc. cit., 6, p. 372). 

Text-pigs. 9 a, 9 b, 9 c. 



9b 9c 


Fig. 9 a.—Diagram of a ventral dissection of the conus arteriosus 
and ventricle of the common cod (Gadus morrhua). w. f thick 
oonus wall; c., conus; p., pericardiac wall; Fe., ventriole; 
v., pocket valve. 

Fig. 9 b.—Diagram of a ventral dissection of the conus arteriosus 
and ventricle of the tarpon (Megalopsatlanticus). t, trabe¬ 
culae ; other lettering as in Text-fig. 9 a. 

Fig. 9 c.—Diagram of a ventral dissection of the conus arteriosus 
and ventricle of Symbranchus. Lettering as in Text-fig. 9 b. 

Two of these units are again large valves attached to the 
lateral conus wall and the other two are small and intermediate 
in position. Pettigrew, describing a dissection of the heart of 
a sun-fish, Orthagoriscus, mentions three valves in the 
circle (loe. cit., 19, p, 779), and a similar number is figured (loc. 
cit., 9, fig. 69, p. 110) in the conus of Salmo salar. 

Indications of the occurrence of more than two valves in the 
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conus of Teleostei in the past are not lacking therefore. The 
existing condition in Xiphias makes it at least possible that 
there were originally four, developed of course from four endo¬ 
cardia© ridges. 

Special peculiarities to individual valve systems are not un- 
Text-fig. 10. 



Diagram of a ventral dissection of the conns arteriosus and ventricle 
of Lophios piscatorius. off., afferent branchial vessels; 
p., pericardiac wall; Ve., ventricle; v., pocket valve; L, lobe on 
the right endocardiac valve at the base of the conus. 

common, and in this category no doubt there falls a peculiarity 
of the conus valves of Lophius piscatorius. The wall of 
the right-hand pocket valve hears a conspicuous solid outgrowth 
which protrudes as a lobe dorsally, and has no doubt the effect 
of closing off the cavities of the ventricle and conus more per¬ 
fectly than would otherwise be the case (cf. Text-fig. 10, Z.). 

Cyclostomata. 

The conus arteriosus is frequently stated to be absent in 
Cyclostomata (cf. Nierstrasz, loc. cit., 17, p. 658). It is clearly 
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represented in the sense in which the term is applied here 
however, the ventricle of the heart passing anteriorly into a 
structure homologous with the conus arteriosus of other fishes. 
A pair of semilunar valves may be found at the base of this 
structure, and they are developed as in the teleostean fishes 
on the right and left sides of the cardiac tube in this region. 

The walls of the conus are not specially thickened, but they 
possess, according to Clark (loc. cit., 4, p. 22), considerable 
automatieity, and they contract on stimulation. 

In Myxinoidea the pericardiac cavity remains in wide com¬ 
munication with the main body-cavity, and in Petromyzontidae 
it also re mains open during a large part of the larval existence. 
The completion of the pericardo-peritoneal septum subsequently 
seals off the pericardiac cavity in Petromyzon however, 
and it becomes increasingly difficult to delimit the pericardiac 
boundaries because they are gradually enveloped in cartilage 
derived from the branchial basket. 

The partial development of the pericardiac wall in the early 
stages of the development of the heart in Cyclostomata must 
have a considerable effect on the folding of the growing cardiac 
tube. But the latter remains fixed anteriorly, so that growth 
in length causes folding and constriction of the tube as it does 
in other fishes. In comparison the amount of folding is less 
pronounced, of course, and in the adult, conus, ventricle, and 
atrium succeed one another in practically a straight line. 

In recent work, particularly that of Stensio (25), the relation¬ 
ship between Myxinoidea and Petromyzontidae is held to be 
extremely remote. Apart from the difference in respect of the 
pericardiac cavity which has just been discussed, there is 
nothing to distinguish between the hearts of present-day 
representatives of the two groups. 

Discussion. 

One of the first problems that arises in considering the fore¬ 
going description as a whole concerns the number of primitive 
endocardiac ridges. Only two ridges are present in the Cyclo¬ 
stomata, a group of fishes that are in many respects archaic. 
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But as this group can claim no close relationship to the Elasmo¬ 
branchii, and as the number two is characteristic also of 
Teleostei where it is clearly secondary, there can be no justifica¬ 
tion for supposing that two was the primitive number of these 
ridges. 

The largest number of endocardiac ridges that have been 
detailed appear in Lepidosteus, where there are eight. 
In Polypterus there are six, and it is suggestive that when 
the functionally important valves at the headward end of the 
conus are considered, they should belong in the two cases to 
eight different morphological axes. In Polypterus they are 
in the positions R., D., L., and V., but the representative of the 
dorsal axis is considerably reduced. In Lepidosteus the 
chief valves of circle 1 occupy the four axes intermediate be¬ 
tween R. and D., L>. and L., L. and V., and Y. and R. The 
morphologically dorsal ridge is very strongly developed in 
Elasmobranchii, and it must be counted in trying to estimate 
the largest number of axes of functional significance. The 
possibility that the primitive number of ridges may have been 
at least as high as eight cannot therefore be passed over. 
Gegenbaur (loc* cit., 8, p. 610) was inclined to admit it in spite 
of his own evidence of only four endocardiac ridges in an 
embryo Acanthias (loc. cit., 8, p. 605). Confirfnatory evi¬ 
dence from the embryos of the fishes cited is still wanting, 
however, and without it nothing more positive can be said in 
favour of the view that the primitive number of endocardiac 
ridges in the conus may have been so high. 

On the other hand, O’Donoghue and Abbot (18, p. 829 ) have 
shown that four longitudinal rows of valves are common in the 
adult heart of the least specialized Elasmobranchii—including 
Notidanidae. The evidence from Gegenbaur’s embryo Acan¬ 
thias may be interpreted as support for the view that the 
primitive number of ridges was four, and there seems no doubt 
that ‘ four was the number present in primitive Tetrapoda ’ 
(loc. cit., 12, p. 388 ). Strong reasons exist, therefore, for suppos¬ 
ing that the primitive number of these ridges in fishes was four. 
This is the number indicated by the presence of four longitu- 
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dinal rows of valves in such various forms as Polyodon, 
Amia, and Xiphias, and if the view is correct, the larger 
number of ridges characteristic of the conus in Lepidosteus 
and Polypterus must have arisen secondarily. 

The evolutionary importance of conus valves has been the 
subject of much discussion. They differ much in different types 
and are valuable links in phylogeny. 

Starting with Elasmobranchii as the most primitive group, 
it is clear that the evolution of the conus has followed two 
different paths. 

1. Those forms which have a fully developed muscular conus 
wall point to a tendency to multiply the number of conus valves 
whilst retaining full powers of contractility. In contrast to this, 

2. Other Elasmobranchii—such as Pristiurus—show the 
existence of the opposite tendency, namely, to localize the con¬ 
tractility of the conus and at the same time to reduce the valve 
apparatus it contains. 

The first route obviously leads to greater complexity and the 
second to greater simplicity of structure. The additional valves 
that have been shown to occur in either of the circles nearest 
the ventricle in Acipenser make of this conus an interesting 
link between the condition described in Polypterus with 
six longitudinal rows of valves and Lepidosteus with eight. 
The myocardiac coat in all three genera extends forwards over 
the conus as far as the pericardiac boundary, and in this 
characteristic the conus in Dipnoi is similar. The dipnoan 
condition probably evolved from a complex form of conus like 
that of Lepidosteus. It has been shown that the charac¬ 
teristic longitudinal fold of the dipnoan conus is a composite 
structure, and the traces of more than four valves at the base 
of the conus in Geratodus may be taken as evidence pointing 
to ancestry of a kind that was complex in the sense of having 
many endocardiac ridges. 

The sequence may be advantageously expressed thus : 
Lepidosteus 

Acipenser- or -Dipnoi 

Polypterus 
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and thence to terrestrial vertebrates. 1 At each step the conus 
arteriosus becomes fundamentally more complex. 

The commencement of variation in the opposite direction is 
indicated in Elasmobranchii by Scyllium and Pristiurus. 
In Ami a the outward sign of this tendency, i.e. restriction of 
the myocardiac covering, is particularly marked. Gegenbaur, 
Boas, and others, recognized that upon the available evidence 
the only possible position for A mi a, as far as the conus is 
concerned, lies between Elasmobranchii and Teleostei. If this 
is its true place, the single pair of valves in the conus of Teleostei 
must be equivalent to the well-developed pair of them at the 
headward end of the conus in Amia. The fibrous connexions 
of the latter with the wall of the conus in front of them has 
already been emphasized as evidence for the assertion that the 
contractile part of the conus formerly extended farther for¬ 
wards, and this assertion must be equally true of the conus in 
Teleostei. The sequence Elasmobranch—Amia—Te 1 eost 
is less abrupt than appears at first because of the few exceptional 
teleostean fishes that have more than a single pair of conus 
valves. It is also a frequent experience to find the conus of 
a teleostean fish no more muscular apparently than that of 
Amia. 

In view of the very great differences in the muscular develop¬ 
ment of the conus arteriosus in Teleostei, the question of its 
function becomes a matter of interest. Ingenious suggestions 
were made on the matter long ago, by Home (loc. cit., 10, p. 235). 
He related the muscularity of the conus in a particular fish with 
the depth of water in which it habitually swims. The first 
consideration, however, must be the maintenance of an efficient 
circulation through the finer blood-vessels of the gills. Ob¬ 
viously the blood should course through these fine vessels with 
an even pressure, and it seems probable that the advantage 
gained by the Teleostei in substituting an elastic apparatus for 
the contractile type of conus has to do with the attainment of 

1 The generic names are used to indicate phases in cardiac evolution, 
i. e. there is no suggestion that genera such as Lepidosteus or Poly- 
pterus are descended from Acipenser. 
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a measure of independence of the heart beat. The function of 
the so-called carotid gland in Amphibia has a similar signifi¬ 
cance. It acts apparently as a buffer to the blood-pressure in 
the artery on the heart side and maintains a steady flow of 
blood to the head. 

The problem of the occurrence of a single pair of conus valves 
in Cyclostomata has yet to be approached embryologically. If 
the thesis here maintained of a primitive arrangement of four 
endocardiac ridges is sound, it must be presumed that a parallel 
evolution to that of the conus in Teleostei is responsible for the 
reduction of this number to two in both cases. 


SUMMABY. 

1. The term 4 conus arteriosus * is used to define the whole of 
the headward portion of the heart in fishes which intervenes 
between the ventricle and the anterior boundary of the peri¬ 
cardiac space. 

2. A brief description of the conus arteriosus in a number of 
different forms is given and attention is directed particularly 
(a) to the musculature of the conus wall, (b) to the number of 
endocardiac ridges or valves which it contains, and (c) to the 
position of these ridges in relation to the headward boundary 
of the pericardiac cavity. The latter is taken as a fixed point 
morphologically and therefore as giving true indications of the 
positions of the ridges (right, dorsal, left, and ventral). Thus, 
in Dipnoi, the conspicuous longitudinal ridge or fold which 
forms the conus septum is morphologically right in position. 
The hearts examined include those of Acanthias, Raia, 
Scyllium, and Pristiurus, Polypterus and Lepid- 
osteus, Amia, the Dipnoi, and various Teleostei, Among 
the latter are Megalops, Gymnarchus, and Sym- 
branchus. 

3. The tendency to reduce the contractile function of the 
conus and to restrict its valves to the ventricular end is noted 
even within the Elasmobranchii. The process has advanced so 
far in Teleostei that the entrance to the lumen- of the conus is 
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protected by only one pair of valves as a rule, and the conus 
has lost its myocardiac covering. 

Megalops is one of a small number of exceptional Teleostei 
in which the endocardiac valves are more numerous. 

4. The number and position of endocardiac valves in Cyclo- 
stomata is similar to their number and position in Teleostei. 

5. Discussion is confined (1) to the primitive number of 
endocardiac ridges ; (2) to the evolutionary significance of the 
conus arteriosus in fishes ; (3) to the function of the conus 
arteriosus in Teleostei. 
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1. Introduction. 

The present work was undertaken for the purpose of deter¬ 
mining the nature of the nucleolar buds described in a recent 
paper on saw-fly oogenesis (Peacock and Gresson, 80). While 
this paper is confined to the staining reactions and phenomena 
associated with the liberation of the nucleolar emissions, it is 
hoped, in some future contribution, to deal in some detail with 
yolk-formation and the history of the cell-inclusions during Ten- 
.thredinid oogenesis. 


2. Previous Work. 

In studying the literature relating to nucleolar phenomena, 
one finds no complete summary of the more recent results in 
any one paper, so that it is advisable to give such in a brief 
statement here. 

NO. 290 


N 











178 


R. A. R. GRESSON 


Ludford (12), 'working on Patella, states that the early 
oocyte contains an oxyphil nucleolus. As growth proceeds this 
increases in size and gives rise to oxyphil emissions which pass 
into the cytoplasm. These extrusions appear to dissolve, 4 as 
different fragments show various intensities of coloration 
At the end of the preliminary growth stage the nucleolus 
becomes separated into two parts, one oxyphil, the other baso¬ 
phil ; during this process there is an extrusion of oxyphil 
substance into the cytoplasm. After the differentiation of the 
basophil nucleolus, the two parts may break up, they may 
remain joined, or they may separate and form distinct oxyphil 
and basophil nucleoli. When the yolk becomes fairly evenly 
distributed the two parts of the nucleolus become vacuolated 
and begin to disintegrate, the oxyphil part fragments and passes 
out into the cytoplasm leaving only a small part in the nucleus, 
while the basophil part disintegrates and becomes spread over 
the linen network. 

As the early nucleolar extrusion takes place before the dis¬ 
persion of the Golgi elements, Ludford suggests that the emis¬ 
sions may in some way prepare the cytoplasm for the activities 
of the Golgi elements during yolk-formation. 

Jorgensen’s findings (Ludford, 12) for a species of Patella 
differ somewhat from those of Ludford. 

The nucleolus of the youngest oocytes is apparently ampho- 
phil, two kinds of emissions are given off from this, oxyphil 
granules and amphophil bodies which develop a basophil cap. 
These become scattered through the nucleus and eventually 
arranged peripherally as 4 Bandnukleolen \ 

Ludford (13), working on Limnaea stagnalis, found the 
behaviour of the nucleolus closely similar to that of the P a t e 11 a 
with which he worked. 

Gatenby (5), describing the oogenesis of Saccocirrus, has 
shown that the nucleolus gives rise to buds which pass through, 
and become attached to the outside of the nuclear membrane; 
these eventually lose their connexion and passing into the 
cytoplasm become broken up into granules which give rise to 
yolk or 4 nucleolar deutoplasm *. 
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Closely similar phenomena have been observed in many 
different groups; thus King records the occurrence of nucleolar 
buds in Peripatopsis capensis (10) and in Lithobius 
forficatus(9). In the former the buds have not been observed 
to pass through the nuclear membrane, while in the latter the 
young oocytes give rise to buds which pass out into the cyto¬ 
plasm and 4 disappear shortly after leaving the nucleus \ Later, 
4 the nucleolus breaks up into a number of pieces these 6 en¬ 
large and start a process of budding \ the nucleolus becoming 
fragmented into a number of small grains. These grains increase 
by budding in the cytoplasm, and eventually enlarge and form 
yolk-spheres. Nath (16) states that in Lithobius forficatus 
the nucleolus is at first basophil, then ‘amphophil and finally 
acidophil’; the nucleolar extrusions, he believes, contribute 
towards yolk-formation. 

Nath’s description for the oogenesis of scorpions (18) is 
worthy of note; he finds that in Euscorpius napoli and 
Buthus judacius the nucleolus gives rise to 4 deeply 
basophil bodies ’ which pass into the cytoplasm. 

In these two species ordinary yolk is present (proteid in 
nature) but is absent from the oocytes of Palamnaeus 
fulvipes madraspatensis. In the latter species no 
nucleolar budding takes place, in the former the nucleolar 
extrusions become acidophil and 4 ultimately disappear as whole 
bodies their substance probably taking part in yolk-formation. 

Nucleolar emissions have been described by several workers 
on insect oogenesis; thus McGill (14), for dragon-flies, states 
that in Plathemis lydia oxyphil bodies pass out from the 
basophil nucleolus ; these, however, 4 dissolve in nuclear sap, 
and there is ground for concluding that this material undergoes 
a chemical change and is reprecipitated as the chromatin- 
reticulum \ InAnaxjunius there is only one oxyphil body 
which persists throughout the growth period. The basophil 
nucleolus represents the chromatin of the egg and during growth 
forms a spireme which later gives off granules which form a 
dense chromatin network in the nucleus. 

Hogben(8), for Periplanet a, describes two kinds of bodies 
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as arising from the nucleolus. The early oocytes contain a single 
nucleolus -which is at first spherical, and as indicated by methods 
of staining is a plasmosome. Prom the early growth period 
this body emits small deeply staining particles, which pass 
through the nuclear membrane and move towards the periphery 
of the egg. At a certain stage vacuoles appear in the plasmo¬ 
some, later they become granular and more chromatic, having 
a closely similar appearance to small nuclei within the nucleolus. 
These bodies or deutosomes pass out from the nucleolus, through 
the nuclear membrane and to the periphery, and at the same 
time it seems probable that the first type of emission ceases. 

The vacuolation of the plasmosome synchronizes with the 
first appearance of the yolk-spheres, which is preceded by the 
formation of vacuoles at the periphery of the egg; within some 
of the latter chromatin granules given off from the nucleolus 
were observed. Hogben concludes that true secondary nuclei 
are not present in this species. The deutosomes ‘ break up into 
several homogeneous globules, which are the yolk-spheres ’, the 
first globules deposited at the periphery are not homogeneous 
but are closely similar to the intranuclear deutosomes. In 
certain Hymenoptera a similar process was observed ‘ although 
no account was given, in view of the desirability of examining 
more favourable material with more suitable technique ’. 

Nath (17) finds that the early oocytes of Culex contain an 
amphinucleus consisting of a central basophil part surrounded 
by a plastin portion. The latter part becomes ovoid and then 
branches in an irregular manner; the branches fill up the 
nucleus and ultimately become detached from the nucleolus, 
which now consists of the basophil portion only. Vacuoles 
appear in the basophil part and its staining properties change. 

‘ The amount of nucleic acid in the nucleolus of the oocyte of 
Culex fatigans immediately after emergence from the pupa 
is so great that it will stain with basic dyes only.’ As the growth 
of the oocyte proceeds * the nucleinic acid seems gradually to 
leave first the outer portion of the nucleolus, which therefore 
begins to stain with acid dyes, and ultimately the central 
portion also \ 
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Nakahara (15), working on the silk glands of Pier is rapae 
and Neuronia postioa, states that before the silk glands 
become functional portions of the nucleoli pass from the nucleus 
into the cell in considerable numbers, these emissions stain with 
acid dyes, and, he suggests, give off phosphorus as they pass 
from the nucleus. 

Gardiner (3) describes an interesting condition in Limulus 
polyphemus where the nucleolus is formed by the coales¬ 
cence of bodies which pass into the nucleus. The central region 
is acidophile, the periphery basophil. Later, nucleolar emissions 
take place. 

‘ There is no indication that these buds are constricted off 
as such, it seems rather that the condition is one in which the 
internal pressure of the nucleolus has risen to such a degree that 
some of its substance is forced out—a process comparable to 
the bursting of a bubble.’ 

These spheres pass out into the cytoplasm and to the peri¬ 
phery, where they disappear as wholes without any fragmentation. 
There is a small acidophil region round each emission just before 
it disappears ; the substance goes into solution in the cytoplasm 
and imports to it something which alters its staining reaction. 
As the result of tests on fresh and fixed material, Gardiner 
concludes that the nucleolus contains stores of ‘ some organic 
substance very rich in phosphorus, and that this compound 
is given off to the cytoplasm during deutoplasmogenesis The 
compound contributes to the synthesis of the definitive yolk. 
Nath (19) in a recent paper on spider oogenesis finds that the 
nucleolus of the youngest oocyte * is highly basophil \ It 
increases in size and ‘ develops vacuoles inside it, and becomes 
acidophil. It may bud off another nucleolus from it.... There 
are no nucleolar extrusions.’ 

To summarize, oocyte nucleolar extrusions are recorded as 
occurring in many different groups, and are believed by several 
workers to take part in yolk-formation. These emissions are 
oxyphil in, Patella (12) and some other forms, while in 
Euscorpius napoli and Buthus judaeius (18) baso¬ 
phil buds only are present. 
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McGill (14) believes that in Plathemus lydia the 
oxyphil bodies given off from the basophil nucleolus undergo 
a change and are 4 reprecipitated as the Chromatin-reticulum ’, 
while in Anax junius the basophil nucleolus gives off 
granules which form a chromatin network in the nucleus. 

8. Material and Methods. 

Material was obtained from specimens of Thrinaxmacula 
KL and Allantus (Emphytus) pallipes Spin. (Enslin, 
2); the former in April and May 1928, from pupae and adults 
which had passed the winter in the pupal condition, the latter 
from pupae and adults in June and July 1928. 

The following procedure was adopted. The ovaries were dis¬ 
sected out under tap-water and fixed immediately in corrosive- 
acetic fixative. Sections 5/x in thickness were stained in Mann’s 
methyl-blue-eosin. The above fixative and stain were found to 
be the most satisfactory, the oxyphil nucleolus being stained 
pink and the basophil nucleolus blue. 

Material fixed by Champy-KuH’s, Da Fano’s, and Bensley’s 
technique, and in Bouin’s picro-formol was used for comparison. 
Two figures are also given of sections from an adult specimen 
of a sister species, Thrinax mixta Kl. This material was 
fixed in Bouin’s picro-formol and stained in iron haematoxylin. 

It should be remarked that the material was taken from 
parthenogenetic females. In Thrinax macula males have 
been reared, but it has been found (21) that at least two kinds 
of females exist, one male-producing, the other female-producing. 
In Allantus pallipes several generations have been reared 
parthenogenetically without the appearance of a single male, 
nor have males been found in nature. 

4. Nucleolar Emissions. 

The ovarian tubes of a Thrinax macula pupa, stained 
with Mann’s methyl-blue-eosin, revealed some interesting facts. 
Yolk-formation had only just commenced in a few of the older 
oocytes, but all stages between this and the small recently 
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differentiated oocytes at the proximal end of the tubes were 
shown. 

In the early oocytes before the formation of the nutritive 
chambers the nuclei stain pink, while the nucleoli are basophil 
(fig. 1,P1.10). At a later stage the nucleolus has increased in size, 
and, at the same time, has developed a slightly oxyphil margin 
around the basophil part present in the older cells (fig. 2, PL 10). 
The oxyphil part increases in size and in staining properties and 


Text-fig. 1. 



Diagrammatic representation of nucleolar phenomena. 

Black and stippled = basophil nucleolus and buds. 

Clear outline = oxyphil nucleolus, vacuolated body, and buds. 

a-^ = Thrinax macula; i-n = Allantus pallipes. 
a, original basophil nucleolus of early oocyte; b, early stage in 
differentiation of oxyphil nucleolus ; c, later stage of same ; d, 
oxyphil and basophil nucleolus separate, the latter now consists 
of a darkly staining granule surrounded by faintly staining 
material; e, showing formation of buds in oxyphil and basophil 
nucleolus; /, basophil buds free in nucleus; oxyphil buds not yet 
liberated ; g, showing large vacuolated body which has originated 
from the oxyphil nucleolus; although a basophil bud is shown 
the vacuolated body may not be formed until a later stage ; h, late 
stage after yolk-formation. The basophil nucleolus is no longer 
active; the oxyphil nucleolus is still giving rise to buds; i, 
original basophil nucleolus of early oocyte; k, later stage during 
which the nucleolus is faintly basophil; l, later stage: the 
nucleolus is now oxyphil and is giving rise to buds. A basophil 
body is shown close to the nucleolus ; m, later stage after yolk- 
formation ; oxyphil nucleolus budding ; basophil body without 
granules present; n, showing a condition observed in many of 
the late oocytes, the oxyphil nucleolus appears to be breaking up. 

becomes rounded off from the other part of the nucleolus; this 
is shown in fig. 8, PL 10, taken from an oocyte which is sharply 
marked off from the nurse-cells. The two parts of the nucleolus 
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may remain in close association for some time, or, as is more 
usual, become separate, the basophil part consisting of a small 
round body or dark granule surrounded by a faintly staining, 
vacuolated body which appears to vary slightly in its staining 
reactions, being in some cases faintly blue, while in others the 
acid stain seems to predominate. The basophil stain appears 
to become more marked in the older oocytes although, in the 
greater number of nucleoli examined, the outer margin seemed 
to be more strongly oxyphil than the remainder. The oxyphil 
nucleolus or plasmosome increases greatly in size, and is roughly 
spherical in shape (fig. 4, PI. 10). The next stage is clearly shown 
by two oocytes from an ovarian tube of an adult. (It should 
be noted that the adult tubes, although containing fully 
developed eggs, also contain oocytes which are directly com¬ 
parable to corresponding stages found in the pupa.) The 
vaeuoles in the outer part of the basophil nucleolus become more 
marked and in some cases contain small dark granules similar 
in s taining properties to the round basophil body from which 
they are apparently given off (figs. 5 and 6, PI. 10). On examin¬ 
ing some of the older oocytes from the pupal material, these 
granules were seen to increase in size, pass towards the periphery, 
and finally become liberated as separate bodies consisting of 
a basophil granule surrounded by slightly basophil material; 
the latter part, however, may be slightly oxyphil at the time it 
is liberated (fig. 7, PI. 10). These buds may have another manner 
of origin as suggested by fig. 8, PI. 10 ; here a large vacuolated 
mass is shown in contact with the basophil nucleolus from which 
it appears to have been derived. Granule-containing vacuoles 
occur in this mass, the larger bearing a striking resemblance to 
buds occurring free in the nucleus and to those already described 
as originating from the basonucleolus. Thus it would seem that 
vacuolated masses may be given off from the nucleolus, and that 
these in turn give rise to buds containing a basophil ^granule. 

In a last oocyte of the pupal material some buds were shown 
free in the nucleus and apparently moving towards the nuclear 
membrane (fig. 9, PI. 10). In another oocyte they were observed 
dose to the nuclear membrane (fig. 10, PI. 10), but in no case 
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were they shown passing through it or situated in the ooplasm. 
At this stage the latter is deeply basophil and would render the 
detection of the buds, if present, very difficult. Their position, 
however, suggests that they may pass into, or give some of their 
substance to, the ooplasm. 

As the dark granules deriving from the basophil nucleolus are 
spreading through the outer part of the latter, the plasmosome 
enters upon a period of activity. Thus, several oxyphil bodies 
appear on its surface and although clearly marked off they may 
not become detached at this stage (fig. 6, PL 10). This process 
continues during the liberation of the basophil emissions 
(figs. 7 and 8, Pl. 10), and in some cases, it would appear, a large 
oxyphil body separates from the plasmosome. What seems to 
be an early stage in the formation of this body is shown in 
fig. 12, Pl. 10, taken from a late oocyte where a vacuolated mass 
can be seen originating from the oxyphil nucleolus. That this 
process may occur at a much earlier stage is shown by fig. 11, 
Pl. 10. The plasmosome and a large oxyphil body are present ; 
a bud in close proximity to the latter suggests that these oxyphil 
emissions have two modes of origin—directly from the plasmo¬ 
some and from the vacuolated body, the vacuoles being in all 
probability stages of budding. Although the basonucleolus 
persists as a faintly staining body usually free from granules, 
the basophil emissions appear to cease after yolk-formation has 
commenced. At the same time the activity of the oxyphil 
nucleolus increases, oxyphil bodies being budded off into the 
nucleus (fig. 13, Pl. 10). 

In some cases the activity is so great that the plasmosome 
appears to be breaking up. The oxyphil emissions spread out 
in the nucleoplasm and move towards the nuclear membrane, 
but as in the case of the basophil buds, they were not observed 
to pass through it. In some cases similar bodies were observed 
in the ooplasm, these, however, also resembled the smaller yolk- 
globules. 

Some oocytes of the sister species Thrinax mixta stained 
in iron haematoxylin revealed an interesting condition ; thus, 
in fig. 14, Pl. 10, the dark area is apparently the basophil 
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nucleolus, while the darkly staining small bodies are buds. The 
other body is the plasmosome, or possibly, the oxyphil vacuo¬ 
lated mass. In fig. 15, PI. 10, are shown the basonucleolus and 
oxyphil nucleolus, the latter budding. 

The occurrence in this species of what appears to be a closely 
similar process to that of Thrinax macula is worthy of 
note. The former species was dealt with in a recent paper on 
saw-fly oogenesis (20), but the present contribution, however, 
throws new light on some of the phenomena then observed. 
The exact condition shown in figs. 14 and 15, PL 10, was not 
observed during the previous work. 

In the early Allantus oocytes, which have not yet become 
separated from the adjoining nurse-cells, the nucleoli are baso¬ 
phil (fig. 16, PL 10). Later, they become more faintly basophil 
and finally oxyphil. During these changes the nucleolus does 
not divide into two parts, but changes as a whole from basophil 
to oxyphil. In the fully formed oocytes before yolk-formation 
the nucleoli are oxyphil and in the greater number of cases 
show no traces of basophil nucleoli; but in a certain few an 
examination revealed the presence of a slightly basophil body, 
or bodies, containing darkly staining granules (fig. 19, PL 10). 
Thus it would appear that no large basonucleolus is present but 
that the basophil material is represented by these small bodies. 
It is difficult to explain why the latter were only shown in certain 
of the oocytes. They were observed in oocytes during and after 
yolk-formation (figs. 19 and 20, Pl. 10); the presence of more 
than one suggests budding having taken place, but no such 
process was observed in this species. An oocyte in the later 
stages of yolk-formation revealed a very interesting condition: 
slightly basophil bodies, without granules, were present in the 
nucleus and a closely similar body lay outside the nuclear mem¬ 
brane, the appearance and staining reaction of the body being 
different from that of the yolk-globules (fig. 21, Pl. 10). This 
is the only case in which a body resembling the basophil bodies 
of the nucleoli was observed outside the nuclear membrane. 
It is of interest to note that in most of these bodies observed in 
the older oocytes, granules were not present. 
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In the fully formed oocyte, before the formation of yolk, the 
oxyphil nucleolus enters upon a period of activity during which 
it gives rise to a number of buds (fig. 19, PL 10). This process 
continues during yolk-formation (fig. 17, pi. 10) and in the later 
stages is usually more marked and presents the appearance of 
the nucleolus breaking up. In a few cases a similar condition 
was noted in earlier oocytes (fig. 18, PL 10). 

These oxyphil buds pass out towards the nuclear membrane, 
where they may be seen in close contact with its inner surface, 
the membrane becoming pushed out at the point of contact. 
However, they were not observed to pass through the nuclear 
membrane. 

Although .many small bodies were shown outside the nucleus, 
it cannot be said with certainty that they were of nucleolar 
origin, as in this material they also closely resembled the smaller 
yolk-globules ; but owing to the appearance of other material, 
and to the evidence of previous work (20), there seems but little 
doubt that these bodies pass into the ooplasm, where, appar¬ 
ently, they become indistinguishable from the smaller yolk- 
spheres. Whether the buds subsequently disappear, or are 
converted directly into yolk, has not been determined. 

5. Discussion. 

In a recent paper (Peacock and Gresson, 20) a process of 
nucleolar budding was described in three species of saw-flies. 
In Allantus pallipes the buds were described as occurring 
outside the nuclear membrane and it was considered that they 
might give rise to secondary or accessory nuclei. The present 
contribution does not substantiate this possibility for T h r i n a x 
macula and Allantus pallipes; there is no evidence that 
accessory nuclei are derived from either the basophil or oxyphil 
buds of the former species, or from the oxyphil buds and basophil 
bodies of the latter. But it would seem probable that one or 
both kinds of buds play some part in yolk-formation, nucleolar 
activity commencing shortly before the appearance of the yolk- 
globules. 

As previously stated, nucleolar emissions take place in several 
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groups and in many cases are described as taking part in yolk- 
formation. Owing to the migration of the oxyphil buds of 
Thrinax macula and Allantus pallipes towards the 
nuclear membrane, and the manner in which they become 
applied to its inner surface, it seems probable that they are 
extruded into the ooplasm in a similar manner to that described 
by Ludford (12) for P a t e 11 a. 

These buds may be converted directly into yolk, in which 
case they would be difficult to differentiate from the small yolk- 
globules ; or they may disappear as described for Lithobius 
f o r f i c a t u s (9). It is of interest to note in this connexion that 
certain small bodies in the cytoplasm resembled both the smaller 
yolk-spheres and the nucleolar emissions. 

The part played by the basophil buds is more difficult to 
determine; in Thrinax macula they seem to disappear 
before the yolk is fully formed, while in Allantus pallipes, 
although the basonucleolus was not shown, basophil bodies were 
observed in certain oocytes during the later stages of yolk- 
formation. It is worthy of note that in some other forms a 
basophil nucleolus is not present in the older oocytes. Thus 
Harvey (6), for Lumbricus terrestris, states that a baso¬ 
phil nucleolus occurs in the early oogonia, and later, a plasmo- 
some. In the older oocytes, however, the former has disappeared 
while the oxyphil nucleolus is still present. 

As previously stated, Nath (17) records a change in the staining 
reactions of the basophil part of the nucleolus of Culex 
fatigans, and more recently (19) describes a change from 
basophil to oxyphil in spider oogenesis. This change is similar 
to that of Allantus pallipes, except that in the latter the 
oxyphil nucleolus does not bud off another nucleolus, and in 
the former 4 nucleolar extrusions ’ do not occur. 

Wilson (22) points out that the staining reactions of the 
nucleoli 4 often vary materially at different periods in the history 
of the nucleus, so that the same nucleolus may be at one time 
oxyphilic and at another time basophilic \ Thus it would seem, 
in Allantus pallipes the nucleolus changes from basophil 
to oxyphil, while, at the same time, some of the original baso- 
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philic material is liberated as small granule-containing bodies. 
It should be remembered that these bodies were not observed 
in every oocyte, so that, although they were present in certain 
of the older eggs, this may be an exceptional condition, their 
early disappearance being the more general occurrence. 

The basophil buds of Thrinax macula and the basophil 
bodies of Allantus pallipes are both derived from the 
basonucleolus, and their behaviour in the nucleus indicates that 
their ultimate fate is closely similar. In the latter species, 
however, they are present for a longer period than in the former. 

The appearance of a basophil body outside the nuclear mem¬ 
brane of an oocyte of Allantus pallipes points to their 
passing through the membrane, and the fact that this body and 
others in some of the later oocyte nuclei contained no granules, 
would seem to suggest that the latter become dissolved, the 
remainder of the extrusion then being utilized by the ooplasm. 

In Thrinaxmaculathe basonucleoli present in the oocyte 
after yolk-formation contain only faintly staining granules, or 
none at all. 

As already stated, Nath (18) describes 4 deeply basophil- 
bodies ’ as originating from the oocyte nucleoli of Euscor- 
pius napoli and Buthus judacius; these pass into the 
cytoplasm, become acidophil and disappear as whole bodies. If 
the basophil emissions described in the present paper undergo 
a similar change, it would render their detection in the ooplasm 
during all stages of yolk-formation very difficult. 

The basophil buds of Thrinax macula bear a certain 
resemblance to the accessory nuclei of Buchner (1) and others, 
but as such were not observed in the ooplasm, it seems more 
likely that these buds undergo some change and take part in 
yolk-formation. 

The variation in the nucleolar phenomena within these two 
related species is not an isolated instance; thus, in insects, 
McGill (14) states that the behaviour of the nucleoli of Plathe- 
mis lydia differs from that of Anax junius; while it is 
worthy of note that Buchner (1) finds the method of origin of 
accessory nuclei to vary in different species of saw-flies. 
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A variation also occurs in the behaviour of the nucleolus in 
scorpions (18), while Jorgensen (Ludford, 12) and Ludford (12), 
working on two species of Patella, record a difference in the 
behaviour of the nucleolar emissions. 

6. Summary. 

1. The material has been obtained from parthenogenetic 
females. In Thrinax macula at least two kinds of females 
exist, one male-producing, the other female-producing. In 
Allantus pallipes males have not been found. 

2. In the early oocytes of Thrinax macula the nucleoli 
are basophil; as they increase in size they develop an oxyphil 
margin. Later; the oxyphil part becomes rounded off and 
separates from the basophil. The basophil nucleolus now con¬ 
sists of a small basophil body surrounded by a basophil or 
slightly oxyphil portion. Vacuoles appear in the outer part, and 
become larger, in some cases containing dark granules which 
probably originate from the darkly staining body. The granules 
increase in size and ultimately become liberated as separate 
bodies, consisting of a basophil part surrounded by more faintly 
staining material. These buds may also originate from large 
vacuolated masses given off from the basophil nucleolus. The 
buds pass towards the periphery, but were not observed in the 
ooplasm or passing through the nuclear membrane. They 
apparently disappear after yolk-formation has commenced ; the 
basonucleolus persists but seems to lose its granules. 

3. As the basophil buds are being formed the oxyphil nucleolus 
enters upon a period of activity, numerous oxyphil bud's being 
liberated. 

In some cases the oxyphil buds originate from a vacuolated 
mass as large as the oxyphil nucleolus, and which arose, probably 
by constriction, from the latter. Oxyphil buds were observed 
to migrate towards the nuclear membrane. 

4. In Allantus pallipes the nucleoli of the early oocytes 
are basophil; later, they stain more faintly and finally become 
oxyphil. In the fully formed oocyte before yolk-formation the 
basophil material is only represented by small bodies conta ining 
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dark granules. These bodies may be present during the later 
stages of yolk-formation, when in some cases they occur as 
basophil bodies without any granules. In one instance a similar 
body was observed outside the nuclear membrane. 

The oxyphil nucleolus becomes active before yolk-formation 
commences; it becomes more marked in the later stages and 
in many cases the nucleolus appeared to be breaking up. The 
buds occurred in close contact with the inner surface of the 
nuclear membrane and, later, somewhat similar bodies were 
observed in the ooplasm ; the latter, however, were difficult to 
differentiate from the smaller yolk-globules. 

5. The origin and behaviour of the oxyphil emissions are 
similar in both species. The oxyphil buds apparently pass into 
the ooplasm and are utilized during yolk-formation. The baso¬ 
phil buds of Thrinax macula and the basophil bodies of 
Allantus pallipes originate from the basonucleolus. The 
occurrence of basophil bodies without granules in older oocytes, 
and the presence of one body in one case outside the nuclear 
membrane of an Allantus oocyte suggest that these bodies 
lose their granules, and are then extruded into the ooplasm, where 
they play some part in the nourishment of the oocyte. 

7. Conclusions. 

1. Oxyphil nucleolar emissions have been found in two 
Tenthredinid species of two different genera. In origin the 
emissions are buds from the oxyphil nucleolus, and in Thrinax 
macula also from a large oxyphil body; their fate appears to 
be extrusion to the ooplasm. 

2. Basophil material has also been found in both species, but 
whereas in Thrinax macula it originates by budding from 
the basophil nucleolus, in Allantus pallipes w it is found 
as spherical bodies residual after the transformation of the early 
basophil nucleolus into an oxyphil nucleolus. Regarding the 
fate of these buds and bodies everything points to their being 
extruded into the ooplasm. 

3. These two kinds of nucleolar emissions are elaborated 
practically simultaneously in Thrinax macula, but in 
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Allantus pallipes their presence together has only been 
detected, so far, after the original basophil nucleolus has become 
transformed into an oxyphil one. 

4. These observations on oxyphil and basophil nucleolar 
emissions, produced in the manner described under 8, appear 
novel in the study of insect oogenesis at least, and their nearest 
parallel appears to exist in the mollusc Patella. 
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Addendum. 

Since this paper went to press some further contributions to 
the study of yolk-formation in the invertebrates have appeared. 
For the chilopod Otostigmus feae, Nath (‘Quart. Joum. 
Micr. Sci.’, vol. 72) points out that the nucleolar extrusions are 
few in number, they 1 disappear long before the albuminous 
yolk puts in its appearance in the cytoplasm ’; he concludes 
that they do not give rise to yolk. 

On the other hand, Harvey believes that in Carsinus 
moenas (‘ Trans. Eoy. Soc. Edin.’, vol. 56, 1929) material is 
extruded from the plasmosome and subsequently takes part in 
yolk-formation; while Nath, describing the egg of the fire-fly, 
Luciola gorhami (‘Quart. Joum. Micr. Sci.’, vol. 78,1929), 
states that the albuminous yolk arises from nucleolar extrusions. 
Thus the condition described in Carsinus and in Luciola 
adds further evidence in support of the view that nucleolar 
extrusions take part in yolk-formation. 
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EXPLANATION OF PLATE 10. 

The drawings were made by means of a Zeiss camera lucida 
and a Watson 4 Service * Microscope. For figs. 1-16 a Leitz ^ 
objective was used, and for all others a Reichert The eye¬ 
piece was a Hawksley no. 4x10. 

Lettering. 

b b, basophil body; b g, basophil granule; b n, basophil nucleolus; 
bnb, basophil nucleolar bud; / c, follicle cell ; lb g, large basophil granule 
in basophil nucleolus ; nu, early nucleolus; o b, oxyphil body; o n, 
oxyphil nucleolus; onb, oxyphil nucleolar bud; sp, space between 
follicle wall and nucleus ; y, yolk. 

Plate 10. 

Ail figs, from Thrinax macula; figs. 5, 6, 7, and 11 from adults, all 
others from pupae. 

Figs. 12 and 13 from adult of Thrinax macula; figs. 14 and 15 from 
Thrinax mixta adult. All other figs, from pupae of Allantus 
pallipes. The darkly shaded areas in figs. 12,14, and 15, and in figs. 17- 
22 represent more darkly stained parts of the nucleus; this appearance 
may be due to the action of the fixative. 

Fig. 1.—Early oocyte, showing basophil nucleolus. 

Fig. 2.—Later stage showing the oxyphil nucleolus arising from the 
basophil part. 

Fig. 3.—Later oocyte which has become completely separated from the 
nurse-cells; the oxyphil and basophil parts of the nucleolus are dis tinct. 

Fig. 4.—Oocyte before yolk-formation; oxyphil and basophil nucleolus ; 
the basophil part consists of darkly staining granule surrounded by lighter 
part. 

Fig. 5.—Later oocyte showing vacuoles, some of which contain dark 
granules in basophil nucleolus. 

Fig. 6.—Oocyte before yolk-formation. Oxyphil nucleolus giving rise 
to buds; granules scattered through basophil nucleolus. 

Fig. 7.—Oocyte before yolk-formation. Oxyphil and basophil nucleolus 
giving rise to buds. 

Fig. 8.—Oocyte before yolk-formation. Oxyphil nucleolus giving rise 
to buds; basophil buds are shown in the ooplasm; the large vacuolated 
body with dark granules has probably been given off from the basophil 
nucleolus. 
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Mg. 9.—Later oocyte, showing basophil buds in the ooplasm. The 
oxyphil nucleolus is not shown in this section. 

Pig. 10.—Oocyte before yolk-formation. Showing basophil buds close 
to the nuclear membrane. Oxyphil and basophil nucleolus not shown. 

Eig. 11.—Oocyte before yolk-formation. Showing oxyphil and basophil 
nucleolus; the large vacuolated body present is probably given off from the 
oxyphil. 

rig. 12.—From late oocyte after formation of yolk. Showing a stage in 
the liberation of the vacuolated body from the oxyphil nucleolus. Basophil 
nucleolus not shown. 

rig. 13.—Late oocyte after yolk-formation. The oxyphil nucleolus is 
giving rise to buds, the basophil nucleolus is not budding. 

Mg. 14.—From oocyte before yolk-formation. The dark area is appar¬ 
ently the basophil nucleolus, it is giving rise to buds. The oxyphil nucleolus 
is shown. 

Fig. 15.—From oocyte before yolk-formation. Showing oxyphil and 
basophil nucleolus. 

Fig. 16.—Early oocyte before complete separation from nurse-cells. 
The nucleolus is basophil. 

Fig. 17.—Early stages of yolk-formation. Showing oxyphil nucleolus 
giving rise to buds. 

Fig. 18.—From oocyte before formation of yolk. Oxyphil nucleolus 
breaking up into buds. 

Fig. 19.—Oocyte before yolk-formation. Oxyphil nucleolus budding; 
basophil bodies containing dark granules present. 

Fig. 20.—Oocyte during yolk-formation. Oxyphil buds and basophil 
bodies present. 

Fig. 21.—From oocyte during yolk-formation. Showing basophil bodies 
in the nucleus, a closely similar body is shown outside the nuclear membrane. 

Fig. 22.—From oocyte before yolk-formation. Showing oxyphil buds 
closely applied to the inside of the nuclear membrane. 
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Introduction. 

The process of mitosis is one of the most impressive and in¬ 
triguing of biological phenomena. Since its discovery it has 
been responsible for an increasing amount of speculation as to 
its nature and exact significance. With the development of the 
chromosomal theory of heredity the intent of so elaborate a 
procedure has become clear, but we are still in almost complete 
ignorance of the dynamic factors involved in most of its phases. 
Theories as to the exact nature of these forces are very numerous, 
but no one of them seems adequate to explain more than a 
limited number of the facts. 

It has become clearly recognized from a mass of observation 
and experiment that the apparent continuity of the whole pro¬ 
cess of mitosis is the result of a remarkable synchronization of 
a number of different phases, each one of which must probably 
be explained independently. One of these phases that is largely 
independent of the others is the anaphasic movement of the 
chromosomes. This paper is chiefly concerned with observa¬ 
tions 1 that seem to have some significance in relation to theories 
of the factors involved in bringing about the poleward move¬ 
ment of chromosomes. 

1 The major facts described in this paper were first tentatively made out 
during the course of an extended study of plant material with another 
purpose in view. A subsequent prolonged search through the literature of 
plant cytology has brought to light a considerable number of apparently 
similar cases among angiosperms, in none of which, however, have the 
phenomena been very completely described. 
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Material and Methods. 

The material for this study comprised members of the genus 
Cucurbita. 1 Eoot-tips of the Hubbard squash variety of 
Oucurbita maxima, and of the Connecticut Field, Winter 
Luxury, and English Vegetable Marrow varieties of the pumpkin, 
Cucurbita pepo, were prepared for study. The seeds were 
sprouted on wet filter-paper in moist chambers, and the root-tips 
were cut off with a razor and fixed, when 2-3 mm. in length. 

The following fixatives were used : Mottier, Bouin, Hermann, 
strong and weak Flemming, vom Rath, and a saturated aqueous 
solution of corrosive sublimate. Fixation in Mottier s fluid was 
followed by the regular Benda method of mordanting and 
staining. Auerbach’s acid fuchsin-methyl green combination 
was used on sections of root-tips that had been fixed in the 
sublimate solution. After all the other fixing fluids either Fe- 
haematoxylin or safranin was used as a basic dye. This was 
sometimes followed by counterstaining with light green or 
eosin. Both longitudinal and cross-sections were cut at thick¬ 
nesses of 4-6 micra. 

Observations. 

A. The Resting Nucleus. 

The cells of the meristematic region of the root-tip of both 
species of Cucurbita studied have relatively large nuclei, the 
greater part of the contents of which consists of a relatively 
huge, spherical nucleolus 2 (fig. 1, H. 11). In the sectioned and 
stained material this nucleolus is commonly surrounded by a 
clear, unstained area, which probably is a shrinkage artifact. 
The nucleolus stains heavily with haematoxylin and safranin. 
With Auerbach’s acid fuchsin-methyl green combination it is 
stained red ; with Benda it is a brick-red colour. Outside the 

1 We have from time to time also noted stages indicative of phenomena 
similar to those here to be described in Cucurbita in several other 
angiosperms (and, with some modifications of detail, in Equisetum). 

* In root-tip cells of many plants the occurrence of an unusually large 
amount of nucleolar material is a striking characteristic. This may be 
concentrated in one very large nucleolus, as in Cucurbita, or distributed 
in several distinct masses, as in Equisetum, &c. 
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nucleolus there is a small region containing scattered chromatin 
granules. The identification of this material as chromatin is 
based particularly upon the fact that it is stained green by the 
Auerbach combination. The granules are very small, and it was 
not possible to determine their exact relation to a general nuclear 
reticulum. Except for these granules the region between the nu¬ 
cleolus and the nuclear membrane appears rather homogeneous. 

B. The Prophase. 

In Cucurbit a maxima, prior to the breakdown of the 
nuclear membrane in the late prophase, there is formed a coarse 
spireme of fairly uniform diameter (fig. 2, PI. 11). The relation 
of this spireme to the scattered chromatin granules seen in the 
resting nucleus is obscure, the small size of the cells making it 
difficult to distinguish early stages in the spireme development. 
In Cucurbita pepo we have been unable to find a similar 
spireme. The formation of the spireme in Cucurbita 
maxima appears to be accompanied by no marked change in 
the nucleolus beyond a possible slight decrease in size. Either 
contemporary with, or prior to, the disappearance of the nuclear 
membrane the spireme apparently becomes broken up into a 
number of small, spherical or cylindrical chromosomes, clus¬ 
tered on the periphery of the nucleolus, which is now irregular in 
shape (fig. 3, PI. 11). By the time the spindle has developed and 
the chromosomes have moved to their equatorial position upon 
it the nucleolar material has in many cases entirely disappeared, 
as, indeed, is customary in mitosis in both animal and plant 
cells. In some cases, 1 however, the nucleolus behaves as though 
its material was relatively too abundant for dissolution to be 
completed during the prophase period. 2 It then persists 
throughout the entire prophase period and is caught in the 
centre of the spindle-area, becoming elongated to form a 
cylinder with its long axis parallel to that of the developing 
spindle (fig. 4, PI. 11). This alteration in shape is significant 
in view of the metaphase phenomena to be described below. 

1 Particularly in the outer layers of the plerome. 

2 See also Tischler (1922). 
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C. The Metaphase. 

Nucleolar material thus frequently persists up to the begin¬ 
ning of the metaphase. In such cases, in the early metaphase 
the nucleolus, in the form roughly of a cylinder, is always found 
in the centre of the equatorial plate of chromosomes, with its 
long axis parallel to that of the spindle (figs. 5, 10, and 11, 
H. 11). Polar views (figs. 10 and 11, PI. 11) emphasize the fact 
that the nucleolus is actually within the spindle region and sur¬ 
rounded by a broad ring of chromosomes. Perhaps a better 
description would be that the nucleolus ‘ perforates ’ the plate 
of chromosomes more or Iras centrally, being often much con¬ 
tracted at the point of perforation (fig. 10, PI. 11), and enlarged 
at both extremities. This orientation is not always symmetrical 
with respect to the equatorial plate, since it frequently happens 
that the chromosomes surround the nucleolus in a plane much 
closer to one end of the cylindrical nucleolus than the other. 

The nucleolus next becomes drawn out to a shape usually 
resembling a dumb-bell (figs. 6, 7, and 8, PL 11). Occasionally 
nearly all of the cylinder lies in one-half of the spindle, and in 
such a case the nucleolus becomes drawn out to a shape shown 
in fig. 9, PL 11. In either case, the two ends of the nucleolus 
continue their movement towards opposite spindle-poles with 
a consequent stretching of the part in the equatorial region, until 
finally the strand connecting the two polar portions is ruptured 
(figs. 18 and 14, Pl. 11). The two masses of nucleolar material 
thus formed continue their poleward migration and eventually 
reach the poles of the spindle (figs. 12, 15, and 16, Pl. 11). As 
would be expected from the variation in orientation of the 
nucleolus before and during its division, the two spheres may 
be nearly equal in size (fig. 12, PL 11), or markedly unequal as 
in fig. 15, Pl. 11. Sometimes the size differences are even more 
pronounced. When the nucleolar fragments are approximately 
equal, as in fig. 16, Pl. 11, their simulation of the centriolra in 
some animal-cells is rather striking. During all this time the 
nucleolus appears to be undergoing a progressive shrinkage in 
size, although positive determination of this fact is difficult 
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because of initial variations in nucleolar size at the close of the 
prophase. However, we infer that there is a shrinkage from the 
fact that the sum of the volumes of the largest pair of spheres 
observed in the polar position never appears to be as great as 
that of the larger nucleoli before metaphase. During the meta¬ 
phase phenomena the nucleolus is commonly seen in fixed and 
stained preparations to be surrounded by a narrow clear zone. 
One is tempted to assume that this represents a region where 
dissolution of the nucleolus, resulting in a reduction of its size, 
is taking place, but possibly it is an artifact resulting from 
shrinkage, like that seen in the resting nucleus. 

D. The Anaphase. 

As is usually the case, the anaphase migration of the chromo¬ 
somes in Cucurbita appears to be a very rapid process, and 
intermediate stages of it are very rare. Apparently no significant 
change takes place in the nucleolar masses, and, being slightly 
pushed away from their exact polar locations, they are seen at 
the end of the anaphase lying adjacent to the chromosome plates 
and appearing very much as at the close of their metaphase 
migration (fig. 17, PL 11). 

E. The Telophase. 

During the telophase reconstruction of the nucleus the 
nucleolar masses continue to remain clearly apart from the 
chromosome groups, although they may be in their near vicinity 
(figs. 18 and 19, PL 11). The shrinkage process apparently 
continues (fig. 19, Pl. 11). During the nuclear reconstruction 
a new mass of nucleolar material appears in the midst of each 
group of chromosomes. It has no apparent connexion with the 
old nucleolar mass although the occasional close juxtaposition 
of the chromosome plates and these old nucleolar fragments 
sometimes makes this point difficult to determine. But in 
cases where the polar movement has proceeded to such an 
extent as in fig. 17, PL 11, it would seem practically certain that 
an intimate topographical relationship could never occur with¬ 
out a further movement of either the chromosomes or the 
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nucleolar mass, and for such movements there is no evidence 
whatsoever. All the facts indicate that during the reorganiza¬ 
tion of the daughter nuclei the nucleolar fragments of the parent 
cell remain entirely extranuclear, and ultimately undergo com¬ 
plete disintegration in the polar cytoplasm. In sister *c,ells in 
which the nuclei have been completely reconstructed it has not 
been possible to identify any nucleolar material in the cyto¬ 
plasm. Small granules are occasionally seen, but they cannot 
certainly be distinguished from cytoplasmic granules that never 
had any relation to th6 nucleolus. Probably by this stage the 
dissolution of the nucleolar remnants has proceeded to such an 
extent that they have either disappeared entirely or shrunken 
to insignificant and unrecognizably small masses. We wish to 
be very emphatic upon one point, namely, that, in spite of the 
simulation of chromosome behaviour shown by the equatorial 
orientation and subsequent division of the nucleolus, the evi¬ 
dence practically demonstrates that this is merely a necessary - 
result of the more or less accidental catching of the nucleolus in 
the spindle-region. The nucleolus is strikingly different from 
the chromosomes in that there is no direct continuity of its 
substance from one cell-generation to another. 

Discussion. 

In this study our attention has been chiefly directed toward 
the nucleolar phenomena, and observations of other structures 
in the cell have been entirely incidental. This discussion will be 
largely confined to the same topic, namely, the behaviour of the 
nucleolus during mitotic division. 

A resting nucleus of the same general character as that in 
Cucurbita has been described in Azolla by de Litardiere 
(1921). The similarity centres largely in the presence of 
numerous small granules of chromatin of fairly uniform size. 
In the case of Azolla the evidence strongly suggests that these 
granules are chromosomes which are persistent throughout the 
interkinetic phase. These chromosomes appear to go on the 
metaphase plate without ever forming a de fini te spireme. Our 
observations indicate the possibility of similar phenomena in 
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Cucurbita pepo, but positive determination of this fact 
awaits more careful investigation with this particular object 
in mind. 

The nucleolus is usually described as approximately spherical 
in resting plant-nuclei, and the clear space around it is commonly 
shown in published figures. Our tentative conclusion that this 
clear area is largely an artifact—the result of shrinkage—is 
based in part on the statement of Lundegardh (1912) that in 
living cells such a space is very seldom observed, even in those 
forms which show it most clearly in the resting nuclei of fixed 
preparations. 

The irregularity in shape of the prophase nucleolus has also 
been-frequently described. Nucleoli have been observed to 
undergo amoeboid changes of form during the prophase in living 
cells of Char a (Zacharias, 1902) and Yicia (Lundegardh, 
1912). We have no clue to any broad significance which may 
attach to this phenomenon and it probably merely indicates 
some change in the physical character of the nucleolus or nuclear 
sap that is incidental to the prophase condition in the nucleus as 
a whole. The spherical form of the resting nucleolus is assumed 
by Lundegardh to indicate a very fluid consistency. If this 
be true, the prophasic amoeboid form might be construed as 
an indication either of an increase in viscosity or of a decrease 
in surface tension. 

During the prophase of cell division the nucleolus commonly 
undergoes a progressive shrinkage, which has often been em¬ 
phasized because of its supposed indication of the transfer of 
material from the nucleolus to the growing chromosomes. This 
shrinkage commonly results in the disappearance of the nucleo¬ 
lar material in the earlier prophase, or at the latest before the 
breakdown of the nuclear membrane, as in Allium, &c. In 
other cases, however, the nucleolar substance may persist into 
the late prophase and thus be cast out into the cytoplasm at 
the breakdown of the nuclear membrane, as in Pustularia 
(Bagchee, 1925), where the final stages in nucleolar dissolution 
take place in the cytoplasm adjacent to the equatorial region of 
the spindle. Finally, in some cases, the persistent nucleolus 
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may be caught in the spindle and involved in the actual division 
processes, as in Gucurbita. The fact that the decrease of 
nucleolar mass progresses throughout the anaphase and telo¬ 
phase stages in the last-mentioned cases seems to us significant 
in view of the hypothesis occasionally put forward that the 
prophase shrinkage of the nucleolus indicates some direct con¬ 
tribution from the nucleolus to the concomitant increase in the 
chromatin. Certainly chromosome growth usually ceases in the 
late prophase, yet the nucleolar shrinkage continues, while 
the nucleolar remnants become widely separated from the chro¬ 
mosomes (fig. 14, PI. 11). This whole series of events seems to 
indicate that we have to do here with two coincident but other¬ 
wise unrelated processes, namely, increase of chromatin and 
decrease of nucleolar substance. The nucleolus disintegrates, 
not because it contributes to chromatin development, but more 
probably as a result of the new physical or chemical conditions 
in the nuclear sap—conditions that are probably incidental to 
the mitotic process as a whole. 

The division of what superficially at least resembles nucleolar 
material, 1 and the polar migration of the division products 
coincident with or subsequent to the actual separation of the 
chromosomes has been described in a variety of forms. An 
example of such a process in the Protista is the case of E u g 1 e n a 
(Keuten, 1895; Tschenzoff, 1916, and others). It has be?en 
described among the filamentous green Algae by Berghs 
(1906) in Spirogyra, by Nemec (1910a) in Cladophora 
Bimplicior, and by de T’Serclaes (1922) in Cladophora 
glomerata. It has been noted also in the myxomycete 
Spongiospora by Osborn (1911), and in the Plasmodio- 
phorales by Cook (1928). One example has been reported 
in the pteridophytes—the case of Marsilia (Berghs, 1907) 
where the nucleolus is caught in the spindle, but dissolves 
during the metaphase. Many cases of this sort have also been 
more or less completely reported in the higher plants. It 

1 Although the general opinion seems to be that in lower forms this 
material is not actually equivalent to the true nucleolus of the higher 
plant-cell. 
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has been unmistakably described in Phaseolus by Bosen 
(1896), in Boripa by Nemec (1897), in Solanum by 
Nemec (1899), in A In us and Hibiscus by Nemec (1901a 
and 6), in Phaseolus by Wager (1904) and Martins Mano 
(1905), in Bicinus and Cucurbita maxima by Nemec 
(1910 h), in Cucurbita pepo by Lundegardh (1912), in 
Lupinus by de Smet (1914), in Helianthus by Tahara 
(1915), in Olivia by Van Camp (1924), and in Canna and 
Lupinus by Schaede (1928). 1 In all these cases in the higher 
plants it appear^ that nucleolar material sometimes persists 
until the metaphase, in which case it is caught in the spindle^ 
and is probably divided essentially as we have described in 
Cucurbita. In the lower plants the division of nucleolar 
material usually accompanies the separation of the chromo¬ 
somes instead of preceding it, and not infrequently the nucleolar 
derivatives are ultimately incorporated in the daughter nuclei 
as the definitive nucleolus. In most of the cases mentioned 
above among angiosperms the original descriptions are limited 
to a few sentences and but two or three figures. The work of 
Van Camp (1924) is distinguished by his more positive identifica¬ 
tion of the nucleolar material by means of staining with the 
Auerbach combination. Both Lundegardh’s and Nemec’s 
descriptions of Cucurbita are limited to a few figures and 
casual references in the text, since the main purpose of their 
studies lay in another direction. Van Camp’s paper is fairly 
complete and includes some review of earlier work. 

Apparently Nemec at least clearly appreciated the significance 
of these observations in relation to general theories of the 
factors responsible for the anaphase movement of the chromo¬ 
somes. At the time of his paper (1901) the most widely accepted 
hypothesis was that of Van Beneden and others that the 
chromosomes were pulled to the poles by the contraction of the 

1 There are also cases in which the nucleus characteristically contains 
more than one nucleolus, the nucleoli being transported intact to the 
opposite spindle poles during the prophase-metaphase transition—for 
example, Karsten (1893) in P silo turn, and Bargagli-Petrueci (1905) in 
Equisetum. See also Zimmermann (1893) and Lenoir (1926). 
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attached spindle fibres. In a rather extensive discussion of this 
view N&mec strongly emphasized the point that the division and 
polar migration of a nucleolus, to which there were certainly 
no spindle fibres attached, was a practically insurmountable 
difficulty in the way of explaining anaphase chromosome move¬ 
ment as due to fibrillar contractility. This theory, Ntoee 
pointed out, could only be maintained if it assumed that the 
chromosomes and nucleolar fragments were moved to the poles 
by different forces. 

This same objection to theories of fibrillar contractility was 
later indicated by Bonnet (1912). This author was more em¬ 
phatic in his declaration that the division of the nucleolus 
definitely ruled out the theory of Van Beneden, and he concluded 
that all that is known of the process of anaphase migration is 
that there exist in the cell at mitosis certain factors which 
ordinarily cause the movement of certain cellular constituents 
towards the poles. He believed that these forces were not 
necessarily co nfin ed to the spindle region, since amyloplasts in 
the surrounding cytoplasm occasionally participated in the pole- 
ward movement. Bonnet was completely sceptical about the 
role of a spindle in the process, and believed that it had merely 
a remarkable chronological relation to the other phenomena—an 
extreme view to which we ean hardly subscribe when we con¬ 
sider the universal presence of a spindle in cells undergoing 
mitosis. 

In an instructive discussion of the mechanism of mitosis 
Tischler (1922) reiterates this argument against the fibrillar 
contractility theory. This author also considers its relation to 
the so-called ‘ Stemmthedrie ’ originated by Driiner (1895) and 
recently revived by Belar (1927). This theory holds that the 
chromosomes move to the poles because they are pushed apart 
by the growth of the interzonal fibres as a whole (Stemm- 
korper) in the region between the daughter chromosomes. As 
Tischler points out, this theory is quite adequate to explain the 
polar migration of all the chromosomes simultaneously, but 
completely fails to allow for a precocious division of nucleo¬ 
lar material. It might be added that the theory also fails to 
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explain the precocious anaphase migration of some sex chromo¬ 
somes, and even of some autosomes. These difficulties have 
recently been considered by Belar (1928), who suggests means 
of circumventing them. 

It is evident that our observations on Cucurbita offer no 
immediate solution of the problems presented by the mitotic 
spindle and the anaphase movements of the chromosomes. They 
do, however, clearly emphasize two features of importance. 
Firstly, that the anaphase migration of the daughter chromosomes 
is apparently not directly due to the so-called spindle-fibres 
with which they are in connexion, since the nucleolar portions 
behave in exactly the same way without any spindle-fibre 
attachments whatever; and secondly, that the products of 
the division of the nucleolus move to the spindle poles while the 
chromosomes, though already divided, remain unmoved in the 
equatorial region of the spindle. 

With regard to the first of these points, our observations 
would seem to suggest that the spindle area represents a region 
in which are localized those forces of whatever kind which are 
responsible for anaphasic movements. This localization is most 
strikingly demonstrated in cases like that of Pustularia, 
where the nucleolus is in most instances left outside the spindle 
at metaphase and disintegrates in the equatorial cytoplasm, but 
on rare occasions divides as in Cucurbita simply because it 
is by chance caught in the spindle area. It is clear from other 
work that movements are also on foot in the general cytoplasm 
looking toward the bipolar orientation of chondriosomes and 
archiplasts during mitosis, but the identity of these with the 
factors at work within the spindle area seems to us by no means 
so clear as Bonnet, for example, assumed. 

If the spindle then represents a specialized area within which 
very definite, directed movements take place, it seems probable 
that whatever the force at work, it would be equally potent 
regardless of the nature of the bodies which found themselves 
in the spindle region—whether chromosomes or nucleoli. Thus, 
in the present case, the circumstances strongly suggest that the 
presence of the nucleolus within the spindle region is a pure 
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matter of chance, dependent primarily on the fact that its 
disintegration during the prophase has proceeded too slowly. 
The nucleolus may thus be thought of in terms of some foreign 
body inserted into the spindle area, and its resulting division 
and movements depend entirely on just where the nucleolus 
happens to lie with respect to the mid-region of the spindle. 
Presumably any other small mass of proper consistency inserted 
into the spindle would behave in the same way. 1 All these things 
indicate that the 4 * * * 8 something * which moves chromosomes to¬ 
wards the spindle poles is not especially associated with the 
chromosomes as such. Neither does this 4 something * reside in 
the chromosomes themselves. Bather do the chromosomes move 
in response to the same forces which would move anything 
placed in the same position. 

It is, then, abundantly clear that the movements of the 
chromosomes cannot depend on the 4 contraction ’ of spindle- 
fibres, or any other such special apparatus. Some hypothesis 
involving protoplasmic streaming could doubtless be suggested, 
and, indeed, the recent work of Chambers (1917) on protoplasmic 
currents in the asters of the cleaving egg, 2 * and the studies of 
Spek (1918) on artificial simulacra of cleavage processes, recall 
the old suggestion of Biitschli (1876) that chromosome migration 
may be effected by streaming movements in the spindle ; also 
the view later held by Berthold (1886) that the chromosomes 
might be pushed apart by the streaming of cytoplasmic material 
into the mid-plane of the spindle. Unfortunately we have 
absolutely no definite information concerning the dynamic con- 

1 In this connexion it is of unusual interest to recall the observations of 
Konopacki (1911) on the behaviour of the nucleus in sea-urchin eggs 

exposed to hypertonic solutions. The abnormal chromosomes, sometimes 

even the intact nucleus, having reached a position between the asters, 

are dragged apart into two portions which eventually reach the spindle 

poleB. The figures given by Konopacki of the division of intact nuclei by 

such a procedure are remarkably suggestive of the behaviour of the 

nucleolus in Cucurbita. 

8 Most interesting is the fact that oil droplets on the periphery of an 
aster will be carried towards the astral centre if they be first guided by 
a microdissection needle into the inflowing stream (Chambers, 1917). 



NUCLEOLAR BEHAVIOUR IN PLANTS 


209 


ditions which prevail in the spindle, and the presence of anything 
comparable to 4 streaming movement ’ has not been recognized. 
It seems to us, therefore, at present of doubtful usefulness to 
attempt to trace the behaviour of bodies in the spindle area to 
mere protoplasmic currents. The important point is that what¬ 
ever the nature of the force at work in the spindle area, it is 
nothing which has to do specifically with the chromosomes. It 
is rather part and parcel of the whole achromatic division figure. 

The difficulty remains that the chromosomes do not move 
until a definite moment in the mitotic cycle has been reached, 
in spite of the clear evidence that the factors responsible for 
their migration are operative relatively early in spindle forma¬ 
tion. The reasons for this stability of the equatorial chromo¬ 
some complex seem to be bound up with the well-known fact 
that the spindle area is, in part at least, a region of higher 
viscosity than the surrounding cytoplasm. This is true not only 
of the metaphase, but particularly of the late anaphase, as 
BelaFs (1927) recent study of living cells has so clearly demon¬ 
strated. But concerning any details of the morphological 
structure of this viscous spindle area, again we must confess an 
almost complete ignorance. It is, however, difficult to see how 
the viscosity of the spindle can be directly invoked as an ex¬ 
planation for the retention of the chromosomes in an equatorial 
position, since the nucleolar fragments are meanwhile moving 
poleward presumably propelled by the same mechanism which 
finally moves the chromosomes as well. In this connexion it is 
perhaps of interest to recall the demonstration recently given 
by Nassonov (1918) that in plant mitosis the ‘ fibres ’ attached 
to the chromosomes are definitely demonstrable by osmic-acid 
impregnation, while the so-called central spindle remains 
unblackened and apparently structureless. 1 If the 'fibres’ 
thus demonstrated represent regions of unusually high proto¬ 
plasmic viscosity, the metaphase retention of the chromosomes 

1 Nassonov’s extended discussion of the structure of the spindle is most 
interesting in the light of the suggestions made in this paper. His account 
of the poleward retraction of the chromosomal fibres is particularly note¬ 
worthy. 

NO. 290 
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in the equator would receive an obvious explanation. The 
ultimate movement of the chromosomes could be brought about 
by the progressive liquefaction of the fibres at one or both ends. 
The interzonal fibres, or * Stemmkorper ’, developed between 
the diverging chromosomes, represent presumably the forma¬ 
tion of a new area of very high viscosity which leaves the spindle 
in a remarkably firm condition and perhaps in its development 
assists in the extreme pushing apart of the daughter chrome- 
some groups as a whole—a phenomenon which is indeed well 
known from the work of several observers, most recently 
BSlar (1927). 

These suggestions are here put forward by way of further 
approach to a problem which has hitherto proved extra¬ 
ordinarily baffling. The ultimate solution of the structure 
and dynamics of the 4 spindle 9 clearly demands much further 
investigation. 

Summary. 

1. The resting nuclei of Cucurbita pepo and Cucur- 
bita maxima contain a single, spherical nucleolus that is 
relatively very large. Part, at least, of this nucleolus persists 
during nearly the entire process of mitosis. During the meta¬ 
phase it lies in the equatorial plate and becomes elongated in the 
direction of the long axis of the spindle, to form first a cylinder 
and then, with further elongation, a dumb-bell-shaped structure, 
which finally separates into two fragments that migrate to the 
opposite poles of the spindle. This entire movement occurs 
prior to any anaphase migration of the chromosomes. The 
nucleolar fragments apparently are not included in the daughter 
nuclei during the telophasic reconstruction, but degenerate in 

' the cytoplasm. 

2. Examination of the literature suggests that a similar 
process of nucleolar division probably occurs in a wide variety 
of plant-cells. 

3. The bearing of this type of nucleolar division on theories 
of the dynamics of anaphase migration of the chromosomes is 
briefly discussed. 
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EXPLANATION OP PLATE 11. 

All of the figures have been outlined as far as possible with 
the camera lucida at an initial enlargement of approximately 
1,675 diameters, and subsequently completed free hand. In 
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reproducing, the figures have been reduced to an enlargement 
of approximately 1,250 diameters. All of the figures are from 
the outer layers of the plerome and are printed with that side 
of the cell at the top which was originally directed toward the 
seed (except in the case of cross-sections). 

Figs. 3, 4, 5, 13,15,16, 17, and 19 are from the Connecticut 
Field, and figs. 1, 6, 7, 9, 11, 12, 14, and 18 from the Winter 
Luxury variety of Cucurbita pepo; figs. 2 and 10 are from 
the Hubbard squash (Cucurbita maxima). The original 
preparations in case of figs. 5, 8, 13, 15, and 16 were from 
material fixed in Mottier’s modification of Benda, stained 
according to the usual Benda method with alizarin crystal 
violet, and show the plastidome elements in the cytoplasm; 
figs. 6, 7, 9,12,14, and 18 are from root-tips fixed in vom Bath’s 
fluid and stained with Fe-haematoxylin and eosin ; figs. 1 and 
11 are from preparations fixed in Bouin and stained with Fe- 
haematoxylin eosin; fig. 2, after fixation in Hermann and 
staining with Fe-haematoxylin ; figs. 3 and 4, after fixation in 
Hermann and staining with safranin and light green; fig. 10 
after fixation in strong Flemming and staining with Fe-haema- 
toxylin; figs. 17 and 19 are from material fixed in corrosive 
sublimate and stained with safranin and light green. 


Plate 11. 

Fig. 1.—Typical resting cell showing the large nucleolus. 

Fig. 2.—Prophase. 

Fig. 3.—Late prophase, with the nuclear membrane still intact. 

Fig. 4.—Final prophase. The nuclear membrane has disappeared and the 
chromosomes are forming the metaphase plate. 

Fig. 5.—Metaphase showing the nucleolus drawn out in the longitudinal 
axis of the spindle. 

Fig. 6.—Metaphase. Nucleolus is dumb-bell-shaped with a narrow 
constriction in the equatorial plate. The two lobes of the nucleolus are not 
always so nearly equal. 

Fig. 7.—Metaphase. 

Fig. 8.—Metaphase showing unequal distribution of the nucleolus. 

Fig. 9.—Metaphase. This example shows a very unequal distribution 
of the nucleolus. When the nucleolus is divided one large piece wi2 go 
towards one pole, and a very small portion towards the other. 
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Fig. 10.—Cross-section through the metaphase plate showing the nucleo¬ 
lus within the plate of chromosomes. By focusing carefully it is possible 
to follow the nucleolus in different planes. In the plane of the chromosomes 
it is very small in diameter ; at a higher or lower plane, the nucleolus is 
much larger; the smaller region obviously corresponds to the isthmus 
connecting the two larger portions in a dumb-bell-like fig ure such as is shown 
in fig. 6. When the Auerbach stain is used, the nucleolus is stained a 
brilliant red in contrast to the bright green of the chromosomes. In the 
Fe-haematoxylin stain the nucleolus takes an intense black and shows up 
clearly within the more lightly stained chromosomes of the metaphase plate. 

Fig. II.—Cross-section through a metaphase plate. 

Fig. 12.—Metaphase showing a divided nucleolus, the two halves 
migrating to opposite poles. 

Fig* 13-—Metaphase showing the two parts of the nucleolus still retaining 
evidence of the constriction. 

Fig. 14.—A later stage than the two preceding figures, showing a meta¬ 
phase with the nuclear fragments near or at the spindle poles. 

Fig. 15.—Metaphase showing the nuclear fragments at the spindle poles. 
It is to be noted that one fragment is considerably larger t han the other. 

Fig. 16.—Metaphase with approximately equal nucleolar fragments at 
the spindle poles. 

Fig. 17.—Anaphase showing one nucleolar fragment in the cytoplasm. 
It is quite probable that the other nucleolar fragment was much sm all er 
and has disintegrated. 


Fig. 18.—Telophase showing one nucleolar fragment in the cytoplasm. 
Fig. 19.—Telophase with one nucleolar fragment in the cytoplasm an d 
clearly separated from the chromosomes. What is perhaps a new nucleolus can 
be made out forming within the chromosomes of the opposite daughter group. 
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The finding of a triploid Chilodon in the cultures of 
Chilodon uncinatus which had been exposed to the action 
of ultra-violet rays has been previously reported, MacDougall 
(1929). The present paper deals with the conjugation of this 
organism. 

Chilodon uncinatus has been described many times. 
A brief description is included here for comparison only. It is 
a holotrichous ciliate, belonging to the family Chlamydodon- 
tidae. The ventral surface is very flat, and the dorsal surface 
curved, Text-figs. 1 and 2. The arrangement of the cilia, 
which are confined to the ventral surface, is characteristic. At 
the anterior end, on the left side, there is a zone along which 
a band of stronger cilia lead from a lateral angle to the mouth. 
From this zone, five rows of cilia take their origin, pass around 
the anterior end, and down the right side, the outermost row 
extending only about half-way down, the others ending at 
different points near the posterior end. On the left-hand side 
(right in the figure) four rows take their origin at the zone before 
mentioned. Two of these are short, extending about one-fourth 
the length of the body., and two extend to the posterior region. 
Two additional rows originate about one-fourth of the way from 
the posterior margin, and extend caudad. 

The macronucleus is in the posterior region, is granular, and 
contains an endosome. This endosome contains a kinetic 
element designated by Calkins (1919) as an endobasal body. 

The micronucleus is very close to the macronucleus, and is 
posterior to it. It also contains an endobasal body. 
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The oral basket, or * Beusenapparat ’ is in the anterior region. 
Typically it contains ten trichites. The identity of the trichites 
is lost about half-way its length, where they seem to fuse, 
forming a tube. The basket is characteristically drawn out into 
a filament curved like a 4 twice wound horn \ 


Text-figs. 1 and 2. 



Fig. 1.—Chilodon uncinatus, 
ventral view. 


Fig. 2—Side view. 



The triploid Chilodon, Text-fig. 3, differs from Chilodon 
uncinatus chiefly in the posterior portion. The ciliated 
margin in this region is wider, and the rows of cilia encircle it 
completely. The nuclei are nearer the centre of the body, and 
there seems to be twelve trichites in the pharyngeal basket. 
Although Chilodon uncinatus usually has ten trichites in 
its oral apparatus, the writer has seen individuals with twelve. 

Details of the conjugation of Chilodon uncinatus have 
been described by Enriques (1908) and MacDougall (1925). 
The behaviour of the pharyngeal basket during conjugation has 
also been fully described. 
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A comparison of the details of the conjugation of the triploid 
organism with the diploid and tetraploid forms show very little 
difference. The behaviour of the odd number of chromosomes, 


Text-pig. 3. 



however, seems interesting enough to warrant the present 
investigation. 

First Maturation Division.—In the early stage of 
maturation the endobasal body in the micronucleus divides, 
then a spireme in the form of a ‘ parachute * (Calkins, 1919) 
appears, Text-fig. 4. The spireme breaks up into strings of 
granules, Text-fig. 5, which later condense into six chromo¬ 
somes, Text-fig. 6. The metaphase follows, the chromosomes 
having split, Text-fig. 7, six to go to each pole of the spindle. 
A pairing of the chromosomes, preparatory to the resting stage, 
has been observed in Chilodon uncinatus in the diploid 
and tetraploid forms. This phenomenon was also observed in 
the triploid form, Text-fig. 8. 




Six chromosomes on spindle. 
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Text-fig. 7. 



Metaphase. 


Text-fig. 8. 



The Second Maturation Division.—This is the 
reduction division. After telophase of the first maturation 
division, the daughter nuclei go into a resting stage. Sometimes 
both of these nuclei divide, and sometimes only one. The endo- 
basal body divides, as in the first maturation division, and a 
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spireme is formed, Text-fig. 9. No granule stage was found in 
the second maturation division, probably due to the fact that 
the material was not very abundant. Six chromosomes appear, 
three of which go to each pole of the spindle, Text-fig. 10. The 


Text-fig. 9. 



Beginning of the second maturation division. Spireme stage. 


Text-fig. 10. 



The reduction division. 


reduction division is thus accomplished. Preparatory to the 
resting stage, which follows, two chromosomes pair, and one 
remains unpaired, Text-fig. 11. 

In the previous studies of the diploid and tetraploid forms of 
Chilodon uncinatus, the endobasal body could not be 
found after the spindle was formed. In the triploid organism, 
the endobasal body was found to be present at each end of the 
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spindle in all of the stages. Failure to find them in the other 
material was probably a matter of technique. 

The Third Maturation Division.—Following the 
resting stage of the second maturation division, Text-fig. 12, 
the pronuclei move into the region of the protoplasmic bridge, 

Text-fig. 11. 

ft 

4 

Pairing of the chromosomes preparatory to the resting stage of the 
second maturation division. 

Text-fig. 12. 


Resting stage of the second maturation division. 

Text-fig. 13. As in the other maturation divisions, the endo- 
basal body divides, and a spireme is formed. The spireme is very 
dense. Three short rows of granules appear, Text-fig. 14, and 
these condense into three chromosomes. The manner of division 
of these .chromosomes has not been accurately determined. No 
clear figures have been found in the material which show a split 
in the chromosomes. After division of the chromosomes the 
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spindle pulls out, and three chromosomes are seen at each end, 
Text-fig. 15. The interchange of nuclei then takes place. It 
will be noted in both Text-figs. 15 and 16 that two of the 
chromosomes are paired, and one remains unpaired. Extended 
observations have yielded no light as to the significance of this 

Text-fig. 13. 



Division of the endobasal body. Third maturation division. 
Text-fig. 14. 



Granule stage. Third maturation division. 

pairing preceding the resting stage. When the migrating and 
stationary nuclei touch, the membranes disappear at the point 
of contact, and the two sets of chromosomes come to lie side by 
side, Text-fig. 16. After fusion of the nuclei there is a resting 
stage, at which time the animals separate. 

Only the important stages of conjugation have been included 
here. All the other details are identical with those of the diploid 
and tetraploid forms of Ghilodon uncinatus. 

Reorganization of the exconjugant is exactly similar to that 
described for the forms referred to above. 
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Text-fig. 15. 



Interchange of Nuclei. 
Text-fig. 16. 



Late stage of the interchange of nuclei. 
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Obelia is a very suitable subject for the observation of living 
oocytes, for although the eggs attain a comparatively large size, 
e.g. 0-2 mm., the yolk deposited in them is perfectly colourless 
and transparent, and allows the whole of the nuclear cycle to 
be examined in considerable detail; a £-inch objective was used 
in this case, but an even higher power could be used equally 
well. As the medusa itself is perfectly transparent, the eggs 
may be examined in situ in the gonads, hence they undergo 
the minimum amount of handling and interference, and remain 
healthy during prolonged observations. It is even possible to 
keep isolated individuals alive and examine the gonads from 
day to day. 1 

The following description of the oocyte prophases is based 
entirely on observations on the living egg, and all the figures 
(with the exception of the spermatocyte nucleus drawn in Text- 
fig. 23) were drawn from life with the aid of a Leitz-Zeichen- 
Okular, under a £-inch objective. In most cases the medusae 
were examined within the first few hours after they were brought 
into the laboratory, but occasionally they were left in an 
aquarium during the night and examined the following morning. 

During the sexual season, each gonad contains a group of 

1 This piece of work was performed in the Marine Biological Laboratory, 
Plymouth, during the months of July and August 1928; the author wishes 
to express her thanks for the use of the University of London table in the 
Laboratory at the time. 
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Text-fig* l 1 . 



A complete ovary, semi-diagrammatic* 


Lettering of Text-figures 1-23. 

ch.biv., bivalent chromosomes; ch.univ univalent chromosomes; 
ect., ectodermal epithelium; end., endodermal epithelium of gastric pouch; 
N.ooc., nucleus of oocyte; n.ooc. 9 nucleolus of oocyte; N.sp., nucleus of 
spermatocyte; sp., chromosomal spireme; vac., vacuole. 

oocytes at different stages of growth; small resting cells 
are present, and there are generally about six larger oocytes in 
which the nucleus has passed from the resting condition into 

1 All the figures, except Text-fig. 23, were drawn from life with the aid 
of a Leitz-Zeiehen-Okular. Text-figs. 2 to 22 were all drawn at the same 
magnification, using a i-inch objective; the larger eggs, however, were 
subjected to a certain variable amount of pressure under the coverslip, 
hence the measurements are not in all cases strictly comparable. 
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the active pre-maturation phases. Text-fig. 1 shows a typical 
ovary drawn from life semi-diagrammatically, as seen when 

Text-figs. 2-12a. 



Kg. 2.—-Nucleus oi oocyte. Figs. 3-12o.—Drawings of oocytes. 

focused deeply below the surface. The oocytes are arranged in 
a single series round the exterior of an endodermal pouch: there 
is one such pouch developed on each of the four radial canals; 
the four lobes thus formed project from the sub-umbrellar 
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surface and hang freely into the concavity of the bell. Exter¬ 
nally the oocytes are covered by a thin ectodermal cellular layer, 
hence they occupy a position between endo- and ecto-derm. 
The youngest oocytes are situated proximally at the base of the 
gonad and the oldest are the most distal; frequently, instead 
of the symmetrical arrangement seen in the figure, there is one 
large terminal oocyte. 

In the young resting oocytes at the base of the ovary the 
nucleus is almost entirely filled by the nucleolus (Text-figs. 1 
and 3). This nucleolus is refringent in appearance, and though 
it is almost colourless, appears to have a slight greenish-grey 
tint against the perfectly colourless surroundings. It is more or 
less vacuolated ; there may be one large vacuole or many small 
ones, and the pattern of these changes under observation 
(Text-figs. 2-5). 

As the cell increases in size the nucleus enlarges also, but the 
size of the nucleolus remains practically unchanged, its diameter 
being approximately 15/x. When the cell reaches a diameter of 
50-75/i (nucleus being c. 30 p) differentiation of the nucleus 
begins and a series of typical oocyte prophases follows. The 
chromosomes become defined as such, and later disappear again, 
leaving the nucleus clear. 

The first stage in the differentiation of the nucleusis theelonga- 
tion of the spherical nucleolus : the details of this process vary 
in different cases, but the final result is the transformation of the 
nucleolus into an elongated ribbon, which by virtue of its subse¬ 
quent behaviour must be considered to be a spireme. Text- 
figs. 6, 7, and 8 show three oocytes in which the nucleolus is in 
the process of elongation. Text-fig. 6 shows the type most 
frequently seen, in which at the very first stage the nucleolus 
assumes a C-shape; Text-fig. 8 shows a slight modification of 
this type of nucleolus. Text-fig. 7 shows a cell whose nucleus 
is at approximately the same age, but in which the nucleolus 
is producing a long slender ribbon instead of a short thick one. 
This kind of ribbon seems to be derived from the nucleolus by 
a kind of spreading process which suggests the exact reverse of 
what would happen if a coiled length of some plasticene-like 



PROPHASES OF OOCYTE OF OBELIA 


229 


ribbon were taken in the hands and compressed into a smooth 
ball. The ribbons derived from nucleoli such as are figured in 

Text-figs. 126 - 17 &. 
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Oocyte nuclei, and chromosomes. 

Text-figs. 6 and 8 elongate more or less subsequently, becoming 
correspondingly slender at the same time. 

During the next phase the spireme breaks up by a series of 
transverse fissions, and finally, in place of the continuous ribbon, 
there are spherical fragments of various sizes scattered through 
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the nucleus. The details of the process of fragmentation vary 
considerably. Text-figs. 9 to 13 illustrate nuclei in which the 
breaking up of the spireme is in process. In Text-fig. 9 the 
nucleolus is still elongated and is segmenting regularly at one 
end ; such a nucleus might be a later stage of a nucleus such as 
that in Text-fig. 6 or in Text-fig. 8. Text-fig. 11 shows an almost 
unique case in which the nucleolus began to fragment without 
undergoing any initial elongation. Text-fig. 10 shows a later 
stage of the Text-fig. 7 type of spireme: the coiled knot-like 
formation is now less compressed, and the coil has segmented 
into sections—the divisions occurring simultaneously throughout 
the entire length of the ribbon. 

Text-fig. 13 differs from the previous four in that the spireme 
has become more elongated, also in the fact that the divisions 
are not all happening synchronously; hence several long pieces 
of spireme are coexistent with numbers of small fragments. 
Such irregular nuclei are very common. 

The completion of the fragmentation phase leaves the nuclei 
in the condition seen in Text-figs. 12, 14, 15, 16, and 17. The 
spireme has entirely broken up into more or less spherical frag¬ 
ments, and it is concluded that each fragment is a pair of homo¬ 
logous chromosomes. The evidence for calling them chromo¬ 
somal lies in two facts. Firstly, when ideal cases of the phase 
are found (i. e. cases in which the divisions synchronize accur¬ 
ately), the number of these fragments is constant; further, the 
fragments are not of equal size but show a constant pattern of 
heteromorphism. It is assumed that these two features are 
actually characteristic of chromosomes. 

In Text-figs. 14 a to 17 a the chromosomes are sketched in 
the nuclei to show their arrangement, but are actually rather 
smaller than they should be. They were drawn so to add clear¬ 
ness to the drawings; in Text-figs. 145 to 176 the same 
chromosomes are drawn with the aid of a camera lucida and 
arranged in graduated series for comparison. There is in each 
case one element larger than the rest, and there are two minute 
fragments ; between these two extremes there is a fairly even 
gradation. Two or three of the fragments are always conspicu- 
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Text-pigs. 18-23. 
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Figs. 18-22.—Oocyte nuclei, and chromosomes. Fig. 23.—Spermatocyte 

nucleus in section. 
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ously larger than the rest. The number of chromosomes 
counted at this phase is seventeen, and as the elements are 
later shown to be bivalent, this is equivalent to the haploid 
number. 

Text-fig. 12 a is a rather special case of a nucleus at this 
particular phase. It is unusual to find such an early breaking 
of the spireme as this ; the divisions must have occurred at the 
beginning of unravelling of a spireme of a type intermediate in 
form between those of Text-figs. 6 and 7. In Text-fig. 12 
indication of fifteen blocks could be found, hence it is an almost 
typical example of a completely segmented spireme. 

In the following stages of growth each of these bivalent 
chromosomes divides into two equal halves. At first the two 
halves resulting from the division remain adjacent, but later 
they separate so that finally fragments are evenly distributed 
over the nucleus. Text-figs. 18 to 22 show such nuclei: various 
degrees of pairing and of dispersion are seen, and, as is expected, 
heteromorphism parallel to that of the previous phase is con¬ 
spicuous. Text-figs. 18 b and 19 b are camera lucida tracings of 
the chromosomes of the corresponding nuclei. Text-fig. 18 has 
thirty-four chromosomes countable, but only the larger ones 
were accurately traced. In Text-fig. 19 only thirty. chromo¬ 
somes are seen and these are all traced. In Text-fig. 20 the 
larger fragments were also traced : in this case there are thirty- 
one small, presumably univalent elements, and two larger ones 
which are probably still bivalent but showing signs of fission. 
Hence the number is estimated at thirty-five here. In Text- 
figs. 21 and 22 there are thirty-four chromosomes present in each. 

It is therefore concluded that seventeen and thirty-four are 
the n and 2 n (i. e. haploid and diploid) numbers respectively for 
the chromosomes of 0 b e 1 i a. 

In connexion with this breaking up of the spireme into 
bivalent elements, it is of interest to note that Hargitt (1916) 
mentions that in Olava leptostylahe fails to find a syndesis 
phase, and suggests that it may be that the chromatin ‘ con¬ 
denses into half the usual number of bodies since the chromo¬ 
somes appear on the first maturation spindle in the reduced 
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number. Another comparable case is given by Gates, as men¬ 
tioned in the historical section, p. 239. 

One other point of theoretical importance shown by these 
chromosomes is the indication that the large chromosome seen 
in the bivalent group represents an unequal (XY) pair. In the 
univalent condition the largest chromosome is often irregular 
in form, most commonly hammer-shaped or wedge-shaped; it 
generally lies in the centre of the nucleus. In the nucleus, 
represented in Text-fig. 21, it is believed that the large chromo¬ 
some had divided immediately before inspection and that the 
two chromosomes in the centre of the field, one larger and 
triangular and the other smaller and spherical, resulted from the 
division; these two chromosomes were drawn as accurately 
as possible with the camera lucida, but the rest of the elements 
were sketched free-hand. It should be emphasized here that the 
paired arrangement of the individual chromosomes for some 
time after their separation is much more conspicuous and con¬ 
vincing in real life than it is in the figures ; this is necessarily 
so, for the chromosomes are in reality distributed through the 
interior of a spherical chamber, and hence are separated from 
each other by distances of depth as well as the lateral distances 
which alone can be represented on a plane surface. The appear¬ 
ance of the nucleus from which Text-fig. 21 was drawn was such 
that it left no doubt that the two chromosomes under discussion 
were really members of a pair, although no further proof can 
be produced. Probably the comma-shaped form in Text-fig. 20 
represents the corresponding XY pair in this nucleus, since as 
mentioned above there is indication that this is a bivalent 
element. 

After the chromosomes have become defined in this manner, 
they disappear from view again, and leave the nuclear vesicle 
quite clear. The disappearance is due to the further fragmenta¬ 
tion—or disintegration—of each chromosome into a group of 
small globules. The fragmentation may occur gradually, in 
which case the fragments become steadily smaller and at the 
same time more numerous; on the other hand, each chromo¬ 
some may resolve itself at one moment into a group of minute 
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globules which at first remain as a group, but later become dis¬ 
persed. As a result of this process the chromosomes lose their 
discrete visible individuality entirely. Wilson (‘ The Cell 1927) 
discusses the apparent fading of the chromosomes at this stage 
of oogenesis and mentions the fact that several authors describe 
this particular kin d of temporary dispersion of the chromosomes. 
He expresses the opinion that the chromosomes 4 do not dis¬ 
appear by breaking up into a structureless magma or mass of 
fine gr an ules, as some observers have concluded; there is 
reason to believe that this account rests on faulty technique . 
In the present case there can be no question of imperfect 
technique, and I feel convinced from personal observation of 
these nuclei that the condition is normal and not pathological. 

The series of stages described and figured here are not always 
achieved in the orderly and ideal sequence in which they have 
been described. The phases often overlap each other to a con¬ 
siderable extent, so that nuclei are constantly found in which 
elongated sections of spireme are present together with numbers 
of bivalent, or even univalent, chromosomes. Further, the stage 
characterized by the presence of the bivalent elements may be 
masked by the precocious division of a few of these elements, 
so that a nucleus such as that drawn in Text-fig. 16 results: 
in this there are four fragments in excess of the normal seven¬ 
teen ; these may have been derived from division of the smaller 
bivalents; sometimes they seem to arise by separation from 
one of the larger chromosomes. Then similarly the typical 
4 chromosomal 9 phase in which the thirty-four chromosomes 
are displayed, may be omitted as an actual fact, and counting 
rendered impossible, owing to the early and irregular fragmenta¬ 
tion of some individuals. However, a sufficient number of typical 
stages has been found to demonstrate repeatedly the actual 
course of events. 

Whether the final division of the bivalent chromosomes repre¬ 
sents a further transverse, or a longitudinal division, is not 
known. No trace of a longitudinal fission was ever seen in the 
spireme or in any portion of it; in view of the fact that irregulari¬ 
ties are met with so frequently in all stages of the cycle of events, 
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and that there is certainly an overlapping of the univalent 
condition of some pairs of individuals and the spireme condition 
of others, it might be expected that if the final division were 
longitudinal, some trace of the split might have been indicated 
occasionally as an anachronism. As this never occurred, it is 
concluded that the chromosomes are probably arranged in a 
single linear series on the spireme, members of homologous pairs 
being adjacent. 

There was one other feature that was sometimes noticed in 
these oocyte nuclei. On several occasions the nuclei contained 
long needle-shaped crystals, though they appeared in every way 
perfectly healthy and otherwise normal. The crystals were long 
and slender, being equal in length to the diameter of the nucleus* 
They were colourless, and varied in number from one single 
crystal to a star-shaped group composed of about two dozen. 

Notes on the Appearance of the Oocytes in Fixed and 
Stained Preparations. 

The cytological details of these nuclei as seen in fixed prepara¬ 
tions will not be discussed in the present paper. However, 
there are a few points which more particularly concern the 
chromosomes and which should therefore be mentioned. 

Medusae were fixed and mounted, either as whole mounts 
(stained and unstained) or as sections. Fixation was with 
Flemming-without-acetic, Bouin, and Allen’s ehromic-urea- 
Bouin. Subsequent staining was with either iron haematoxylin, 
iron haematoxylin and eosin, or (after F.w.a.) safranin and light- 
green. These sections have confirmed every step of the above 
account. 

Previous authors have described these oocytes as seen in 
sections, as mentioned in the historical paragraphs below. 
Jorgensen (1913) in particular has given an account with a com¬ 
plete set of figures. He claims to see faintly staining oxyphilic 
chromosomes in the larger nuclei, structures entirely indepen¬ 
dent of the nucleolus. I have repeated the precise method 
used most successfully by Jorgensen (namely, F.w.a., and 
safranin and light-green), but I have failed to find them. In 
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some preparations, especially the Bourn-fixed, appearances 
similar to those figured by Jorgensen are seen, but it is assumed 
that they are artefacts ; in the most perfectly fixed preparations 
(i. e. those fixed with warm F.w.a.) the nucleoplasm is uniformly 
granular and perfectly homogeneous, the only visible structures 
inside the nuclear membrane being the nucleolar fragments. 

One other method was tried to test the staining properties 
of these nucleolar fragments, namely, Beulgen’s 4 Nukleal- 
reaktion \ Although the method was modified in various ways, 
it was found impossible to stain any structure in these oocytes 
by the reagent. This negative evidence, however, is not con¬ 
sidered to have very much significance. Previous authors have 
found that it is not to be regarded as an absolute criterion for 
diagnosing chromosomes. Belaf (1926) says that it is doubtful 
whether the test is specific for all nuclear phases, but that it is 
useful for res ting stages. Harvey (1929) also finds that in the 
oocytes of Carcinus maenas, the chromosomes do not 
show the reaction after the bouquet stage ; the corresponding 
stage in these Obeli a oocytes occurs before the commence¬ 
ment of the growing stages described here, hence it is not unique 
that the chromosomes should fail to give the reaction in the 
dispersion phase. 

Am attempt was made to corroborate the above conclusions 
by making a count of the chromosomes in the spermatocyte. It 
has not been possible to do this with certainty, but it is evident 
that the number of chromosomes countable in the spermatocyte 
is in the neighbourhood of fifteen pairs. Text-fig. 23 was drawn 
from a spermatocyte nucleus in which it was possible to make 
an approximate count of the chromosomes. This helps to 
confirm the conclusion reached previously that the nucleolar 
fragments really do represent chromosomes. 

Historical. 

The nuclei of the oocytes of Obeli a have been mentioned 
and figured by several previous authors. The earliest account is 
that of Merejkovsky (1880 and 1883), who apparently observed 
them in life and described the various phases in the division of 
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the nucleolus. Metschnikoff (1886) also observed the fragmenta¬ 
tion. Both authors, however, missed the fact that the fragments 
had a recognizable individuality in all the different nuclei* 
Merejkovsky mentions that at one stage there are ‘ plusieurs 
dizaines 5 fragments countable in the nucleus, referring no doubt 
to the thirty-four chromosomal elements ; the author obviously 
regards this particular stage as noteworthy and of the nature of 
a landmark, and must have realized that the divisions were not 
entirely indiscriminate and steadily continuous. 

Trinci (1906) describes Obeli a oocytes, but his observations 
were made on serial sections, and he simply states that the 
nucleolus fragments, without discussing the significance of this. 
He considers that the chromosomes exist in an unstainable 
condition during the growth stages. It is of great interest to 
notice that in describing these nuclei Trinci states that by the 
division of the nucleolus there result * piu decine di corpore 
rotundi \ These, presumably the bivalent chromosomes, divide 
further and give more than a hundred fragments, then are 
entirely dispersed. In another place he states that ‘ nelle uove 
piu grandi se ne incontrano talora anche una trentina \ Hence 
he also recognizes the occurrence of a chromosomal phase of 
approximately thirty, but does not attach any importance to it. 

Jorgensen’s more recent account has already been mentioned 
(p. 235); this actually adds nothing to Trinci’s previous paper. 

Comparable fragmentation of the nucleolus in other Coelenter- 
ates is described by many authors, in fact Trinci (1905) groups 
Coelenterate eggs into two classes, those in which the nucleolus 
remains single and those in which it subdivides. Some of these 
authors claim that there is a relationship between nucleoli and 
chromosomes, that the nucleolus is in fact more or less chro- 
matinic. 

Stschelkanowzew (1906) describes the origin of the nucleolus 
in C unin a from the chromosomes. 

G. T. Hargitt (1909) states that the nucleolus of Pennaria 
may contain a little chromatin. C. W. and G. T. Hargitt (1910) 
mention that they have seen an appearance suggesting that 
nucleolar material was passing into the chromosomes, but add 



238 


G. H. FAULKNER 


that the appearance may not be significant. G. T. Hargitt (1913) 
states that the nucleolus of Campanularia arises at least 
in part from the chromatin. 

Schaxel (1910i and ii) states that in Pelagia noctiluca 
the chromosomes condense to form the nucleolus; the same 
author in 1911 adds two more examples of the same condition, 
namely, Forskalia and Agalma (Halistamma). 

Hickson (1893) describes fragmentation of the nucleolus in 
Distichopora, but does not discuss the nature of the 
fragments. 

Among the large mass of literature dealing with the subject 
of nucleoli, the following authors admit that nucleoli may be 
more or less chromatinic : 

Flemming, 1882; E. Hertwig, 1884, 1896, and 1898; 0. 
Hertwig, 1900 ; Camoy ; Macallum (basing his conclusions on 
specific chemical chromatin tests), 1895 ; Went, 1897; Hart¬ 
mann, 1902; Gunther, 1904; Jannsens and Willems, 1908 ; 
Jordan, 1910 ; Lundegardh, 1912; Tamura, 1923. 

Otherexamples of nucleoli showing precisely the same relation¬ 
ship to chromosomes as in Obelia (i.e. a nucleolus consisting 
of the massed chromosomes) are given by the following authors : 
Blochmann, 1882, in Neritina fluviatilis; Moll, 1893 (and 
subsequent authors), in Spirogyra; E. Hertwig, 1894 and 
1898,in Actinosphaerium; Wilson, 1901 (andsubsequent 
authors), in Echinoderms; Goldschmidt, 1902, in Poly- 
stomum; Katheriner, 1904, in Gyrodactylus; Browne, 
1913, in Notonecta; and Ashworth, 1923, in Rbino- 
sporidium seeberi. 

The reason that Trinci and Jorgensen missed the essential 
chromosomal nature of the fragments was probably that they 
examined only sectioned gonads. The features which first 
suggest chromosomes, namely, their constant number,, constant 
heteromorphism, and the paired arrangement at one time, are 
all masked in sections, as the nuclei are so large in fully developed 
oocytes that they extend through about ten sections of normal 
thickness (e.g. 5ft). 

The particular type of short, thick spireme that is seen in 
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Obeli a is perhaps less common than the elongated coiled 
type. A somewhat similar spireme is described by Stout in 
Carex, and another by Gates in Oenothera, as mentioned 
on p. 233. 

The last point of interest arising from these observations 
concerns the visibility of the chromosomes in life : nucleoli are 
generally visible but chromosomes have only seldom been 
described. Schneider, as early as 1873, found that chromosomes 
could be demonstrated in fresh Platyhelminth eggs by treating 
them with dilute acetic acid. 

The previous account which most nearly resembles the case 
of Obeli a is that by Mulsow (1911 and 1912) of the spermato¬ 
genesis of Ancyracanthus. The author confirms all his 
observations on living material, and he figures the ripe sperms 
in which the chromosomes are plainly visible as small refractive 
spherical granules, very reminiscent of those of Obeli a. 

Tischler (1910) has described chromosomes in living banana 
pollen cells. 

Belar (1927 and 1928) has made observations on the matura¬ 
tion divisions of the spermatocytes of Chorthippus and has 
followed the chromosome cycle in the living cell, comparing 
individual cells in the living and fixed conditions, by means of 
micro-photographs. 

Chromosomes in living cells have also been described by 
Chambers ; sometimes they are said to come into view when the 
cell is injured by introducing a micro-dissecting needle, but in 
other cases (Chambers and Sands, 1923) are visible in the normal 
untouched cell. Also they have been seen in dividing cells in 
tissue cultures, as described and figured by Strangeways (1924). 

Summary. 

1. The nucleolus of the resting oocyte represents a condensed 
chromatic spireme, hence it is identical with the total chromo¬ 
somal contents of the nucleus. 

2. During the early growth phases of the oocytes, the nucleo- 
^lus elongates and fragments. Each fragment has been identified 

as a pair of homologous chromosomes indistinguishably united; 
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later each of these bivalent elements divides in half, and the 
individual chromosomes are thus separated. The two com-* 
ponents of the largest bivalent element are unequal in size, and 
probably represent an XY pair. 

3. The chromosomes can be counted either at the bivalent or 
at the univalent phase, the numbers obtained being seventeen 
and thirty-four respectively. 

4. At a still later stage the chromosomes fragment into 
numerous small globules, which become evenly distributed over 
the nucleus. 

5. The whole of the account is based on observations made 
on living oocytes. 
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Introduction, Material, and Methods. 

The research work about to be described was undertaken as 
a preliminary to a study of the physiology of digestion in the 
fish named. Histological examination of tissues must neces¬ 
sarily precede a study of the functions of these tissues, especially 
so where one of the functions happens to be secretory. This is 
not realized as fully as one would incline to believe, and published 
accounts of the physiology of digestion of fishes are met with 
where the histology of the alimentary tract of the particular 
fishes is at present unknown. 
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Histological work calls emphatically for freshly preserved 
material, particularly in the case of a fish. Materials landed as 
‘ trawled fish 5 in the economic sense are of little or of no use. 
The fish used in the work to be described were freshly trawled in 
Cawsand Bay and were either brought directly into the labora¬ 
tory in the living condition or placed in the constructed ' pond ’ 
at Pier Cellars, into which each tide flows, to be taken out alive 
when required. At the time of fixation, therefore, all tissues 
were in the freshest condition. 

Bonin’s fluid was used exclusively and the state of fixation 
was generally very good. Xylol or clove oil or both served as 
clearing agents and the usual method of paraffin-wax embedding 
was employed. Slides were treated with soap and water, 
chromic acid, and 70 per cent, alcohol with a little added am¬ 
monia in turn, and were stored in 70 per cent, alcohol. Sections 
were fixed by the egg-albumen and glycerine method after 
stretching on a water bath. 

The stains used were Mallory’s triple, Delafield’s and Ehrlich’s 
haemotoxylin, muciearmine, and borax-carmine with picro- 
nigrosin as counterstain. Two at least, often three, of these 
stains were used on each piece of tissue sectioned with a view 
to verifying the presence of structures within the cells. 

Tissues were taken at various stages during the digestive 
processes, so as to render clearly the histological changes con¬ 
sequent upon digestion. This was made possible by the 
facilities to hand for maintaining fish alive. 

Histobioal. 

It is quite impossible in a short historical account to do 
justice to the work that has been carried out on the structure 
of the digestive tract of fishes. The workers have beennumerous, 
particularly during the middle and latter parts of last century. 
Macroscopic researches commenced about the beginning of the 
century, or rather earlier, when Monro (1795), Home Everade 
(1814), Rathke (1824), and others all contributed substantially 
to current knowledge of the gross structures of the alimentary 
system. 
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With the institution of the microscope came the work of 
Rathke (1841) on Amphioxus, and that of Muller (J.) 
(1848) on Myxine, to inaugurate another and more complete 
series of researches on the microscopical structure of what had 
hitherto been conceived of as gross structures. Agassiz and 
Vogt (1845) prepared sections of the stomach of the trout and 
observed that what have been termed 4 anfractuosites de la 
muqueuse ’ appeared as a 4 rouleau * in the form of a club and 
consisted of two types of 4 cellules ’, round and cylindrical ones. 

Without in the slightest intending to disparage the sincere 
and careful endeavours of these early workers, one must observe 
that their attempts did not invariably meet with success. 
Valatour (1861), in his researches on the teleost fishes, failed to 
realize the importance of using fresh material, with the result 
that his work was to some extent disregarded, even discredited, 
by some of his immediate successors. Many of his findings 
received support, however, when the work of Edinger was 
published. Edinger (1877) enjoyed many distinct advantages, 
the refinement of histological technique through sixteen years, 
and the examples and results of several workers on mammalian 
histology, men such as Heidenhain (1870) and Rollett (1871). 
He observed that the gastric glands of fishes differed histologi¬ 
cally from those of mammals, showed that the structure of 
the pyloric caeca was very similar to that of the intestine, and 
remarked upon the absence of intestinal glands. 

Macallum (1884) studied the alimentary canal of the 4 ganoids’, 
in which he noted and described a ciliated epithelium in the 
oesophagus and stomach. Pilliet (1894) concerned himself 
principally with the Pleuronectidae, on which family nothing 
relevant to this piece of research has appeared in the literature 
since, excepting the work of Cole and Johnstone (1901). The 
work of Pilliet will be mentioned and discussed in the more 
appropriate part of this paper. Yung (1899) gave a good account 
of the work previously carried out but overlooked that of 
Gulland (1898), which was probably in the press at his time of 
writing, and merely mentioned that of Stirling (1884). The 
latter worked on the herring, Gulland on the salmon, where 
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changes in the nature of the mucosa during spawning migrations 
were specially treated. 

During the current century a set of three researches are on 
record: that of Sullivan (1907) on Elasmobranchs, recording 
a ciliated oesophageal epithelium, that of Greene on the king- 
salmon (1912), and a short paper by Vonk (1928), which is 
largely physiological. Thus, from the point of view of modern 
technique, the literature is by no means extensive. 

General Morphological Notes. 

The alimentary tract of the plaice is a fairly uniform tube 

“which, in situ, is formed into a number of rather complicated 

folds. It is externally only partially differentiated into regions 

of which the following will be recognized in addition to the 

buccal cavity: pharynx, oesophagus, stomach, duodenum, 

intestine, and rectum. The tissue referred to as the pharynx 

is that situated between and slightly behind the pharyngeal 

teeth, the oesophagus being the posterior continuation of this 

tissue into the stomach. There is no external indication of the 

passage of the oesophagus into the stomach but if the alimentary 

tract is opened and the mucosa examined in a fresh condition, 

the line of demarcation is quite strongly shown, the gastric 

mucosal folds appearing distinctly different from the oesophageal 

ones, even to the naked eye. This line can be taken as being 

very slightly posterior to the posterior wall of the pericardium. 

That there is sufficient justification for segregating the pharynx 

and oesophagus will be evident when the histological differences 

have been described. 

* 

The oesophagus widens as it passes into the stomach and the 
latter organ attains its greatest diameter about the middle of 
its length, posterior to which it becomes more slender especially 
near the pyloric sphincter and valve. The free end of this valve 
projects into the intestine of course. 

Three regions are recognized in the post-pyloric intestine, the 
duodenum, intestine, and rectum. The first two, which together 
form approximately half the entire length of the alimentary 
tract, are arbitrary divisions of the pre-rectal intestine, made 
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with a view to investigating separately anterior and posterior 
halves of this relatively long stretch of gut. The third region, 
the rectum, is relatively short, but the boundary between it 
and the intestine is a real one, as will be seen later. 

Into the duodenum open the four very small and rudimentary 
(or vestigial) pyloric caeca and also the bile duct. Along the 
whole length of the duodenum and of the intestine, the ultimate 
factors of the portal vein, which penetrate the wall of the alimen¬ 
tary traet at indeterminate points, are embedded in loose 
glandular tissue. Similar tissue is found on the mesenteries 
carrying these blood-vessels and around the blood-vessels in 
the tissue of the liver. It represents the diffuse type of pancreas, 
which characterizes the teleost fish. 

In the empty condition the rectum is not easily recognized 
as a separate region, but in the full condition towards the end 
of a meal it often appears very considerably distended, even 
though the intestine is completely empty. This fact immediately 
suggests the presence of a valve separating the two regions and 
examination proves that this is the case. The valve, the free 
end of which projects posteriorly, is quite as well developed as 
is the pyloric valve. It will be referred to as the intestino- 
rectal valve. 

Although the relative lengths of the above-mentioned regions 
are doubtlessly subject to considerable variation, the following 
carefully made measurements of the series in a single fish, 
29-0 cm. long, will impart some idea of their order: 

cm. 

Length of whole tract, uncoiled, from lips to anus . 28*0 

Lips to anterior margin of pharyngeal teeth (= buccal 

cavity).4*0 

Anterior margin of pharyngeal teeth to anterior end of 
stomach (= pharynx plus oesophagus) . .2*8 

Anterior end of stomach to pyloric valve ... 4*7 

Pyloric valve to intestino-rectal valve (= duodenum plus 

intestine).34*5 

Intestino-rectal valve to anus (== rectum contracted) . 2*0 
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Histology. 

The entire alimentary tract, with the exception of the pharynx, 
consists of the following layers commencing from without and 
proceeding towards the lumen: 

(1) Serosa: a thin layer of areolar tissue on which connective 

tissue-cells are superimposed. 

(2) Outer longitudinal muscular layer : a thin sheet of muscle- 

bundles having longitudinally disposed fibres. 

(S) Inner circular muscular layer: a relatively thicker sheet 
of transversely disposed fibres. 

(4) Sub-mucous coat: a layer of more or less loose areolar 

connective tissue in which are embedded numerous 
small blood-vessels and fine nerve-fibres. 

(5) Mucous membrane: a membrane of variable thickness 

according to the region to which it belongs and to the 
degree of distention of that region during digestion. 

These layers, therefore, characterize the fish. They vary in 
certain features all along the tract. The muscular layers and 
the mucous membrane show the greatest histological variation 
regionally, the serosa and the sub-mucous coat being fairly con¬ 
stant in histological detail throughout. There is no trace of*a 
muscularis mucosa, a stratum granulosum, or a stratum com- 
pactum in any part of the tract. In the description which 
follows, wearying repetition of names will be avoided as much 
as possible, mention being made chiefly of the histological 
variations met with in the regions included between the lips 
and the anus. 

Buccal Cavity and Pharynx. 

The mucous membrane of the buccal cavity consists of a 
stratified epithelium which rests upon a basement membrane. 
Below it is a layer of loose areolar tissue cont aining minute 
blood-vessels. The epithelium is gently corrugated, the folds 
running longitudinally and containing short processes of areolar 
tissue. In addition to these corrugations, microscopic papillae 
of connective tissue project into the epithelium at certain 
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indeterminate points (Text-fig. 1, p.a.t.), which papillae each 
contain small blood-vessels and in some cases a fine nerve-fibril 
also. The epithelium is about ten to twelve cells in thickness, 
the deeper eells being columnar with rounded extremities, while 
the superficial cells are polyhedral or round. Apparently there 
are no scale-like cells at or near the periphery. The nuclei are 
generally spherical or, in the basal cells, oval. Minute inter¬ 
cellular spaces appear to exist between the epithelial cells. 


Text-fig. 1. 



Vertical section of the mucous membrane of the baccal cavity. a.t.L, 
areolar tissue-layer; bl.v., blood-vessel; ep., epithelial layer; 
n.ep., nuclei of the epithelial cells; p.a.t., papilla of areolar 
tissue passing into the epithelium. (x 150.) 


Goblet-cells are exceedingly rare, but some few are found as 
perfectly isolated units. These are spherical or oval in form, 
appear'to lack the tail-like process usually found at the base • 
of goblet-cells, and they open to the exterior by a relatively wide 
pore. Structures resembling the taste-buds of mammals occur 
but extremely rarely. These are a characteristic feature of the 
mucous membrane of the pharynx (vide infra), and for all 
practical purposes they can be neglected in the case of the buccal 
cavity. 

Considerable differences are seen in the pharynx. The epi¬ 
thelium, like that of the buccal cavity, is stratified but consists 
of fewer cell-layers (Text-fig. 2, ep.c.). It is intensely folded so 
that the lumen is reduced to a series of much-branched canals 
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in the contracted condition. The main Inmen is preserved, 
however, by virtue of the fact that the most superficial folds 
are extensive transversely. Finger-like processes of the areolar 
tissue-layer project into the folds no matter how minute these 

Text-fig. 2. 



Transverse section passing through a mucosal fold of the pharynx. 
Areolar tissue-layer rendered in black, ep.c., epithelial cells; g.c., 
goblet-cells ; n.ep., indeterminate nuclei of epithelial cells rich in 
chromatin; o.gx., openings of goblet-cells ; Lb. } 1 taste-bud *; 
tb.p.y shallow pit in the epithelium seen at the periphery of the 
taste-bud. (x 200.) 

happen to be. Goblet-cells are extraordinarily numerous, 
occurring in an unbroken sequence throughout the extent of 
the mucosa, so that one never succeeds in locating an area devoid 
of them, or even where the regular sequence is broken. They 
are most numerous in the deeper folds, being two, three, or more 
deep, while in the superficial folds which hound the lumen they 
usually form shallow patches one, or at most two, goblets deep 
(Text-fig. 2, g.c.). In any situation they are not found typically 
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at the surface but usually lie more deeply situated., the goblet 
communicating with the lumen of the pharynx by a conspicuous 
neck and a small pore. The goblets are oval except where 
laterally compressed due to great crowding and where underlying 
other goblet-cells, when they are spherical. The basal process 
is not filamentous, but appears like a small accretion on the base 
of the goblet. The stratified nature of the epithelium probably 
accounts for the development of this unusual type of cell. 

Near the base of the pharyngeal epithelium in the superficial 
folds bounding the lumen cells are found, the nuclei of which 
show conspicuous heavily stained chromatin masses. They are 
less conspicuous in the deeper folds of the mucosa, where the 
epithelium is thinner and composed of fewer cells, despite the 
fact that goblet-cells are more numerous. These appear to be 
actively dividing cells of the epithelium (Text-fig. 2, n.ejp.). 

In the peripheral part of the epithelium of the pharynx, and 
especially in the superficial folds bounding the main portion of 
the lumen, small clusters of cells resembling taste-buds occur. 
The individual cells of each cluster are of an elongate spindle- 
shape, possess oval nuclei, and are closely packed together 
(Text-fig. 2, Lb.). The spindle-cells reach almost to the basement 
membrane, from which they are separated by columnar cells. 
Towards the periphery they terminate each in a fine, deeply 
staining process, which projects into a pit-like depression in the 
mucosa (Text-fig. 2, Lb.p.). The spindle-cells, which on analogy 
with similar cells in the mammal, can be regarded as gustatory 
cells, do not appear to possess branched basal processes such as 
are found in some cells of this type. 

The musculature of the pharynx consists largely of a thick 
circularly disposed band of striated fibres, which is continuous 
with the circular musculature of the oesophagus and stomach. 
In addition to this, there exist a number of loosely arranged 
muscle-bundles, longitudinally disposed but slightly oblique, 
which form a second series within the areolar tissue-layer. These 
bundles also consist of striated fibres. There is no continuum 
of the outer longitudinal musculature of the oesophagus and 
stomach in this region. 
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Oesophagus. 

The serosa is an extremely thin layer of areolar connective 
tissue continued externally into the tissue of the mesenteries and 
internally into the connective tissue binding together the muscle- 
bundles immediately beneath it (Text-fig. 8, s&r.). It is pene¬ 
trated at indeterminate points by small blood-vessels and fine 
nerves as these enter the tissue of the alimentary tract. The 
outer longitudinal musculature does not take the form of an 
unbroken ring, being represented by irregularly disposed 
bundles (Text-fig. 8, while the inner circular muscular 

layer is of enormous thickness, at least ten times the thickness 
of the inner layer (Text-fig. 8, c.m.l .). All muscle-fibres are of the 
striated type, as in the pharynx. The loosely arranged muscle- 
bundles observed in the areolar tissue-layer of the pharynx are 
continued throughout the oesophageal region as even more 
scattered bundles forming crescentic masses opposite the 
mesenteries (Text-fig. 8, m.b.). 

The mucosa is folded to an even greater degree than in the 
pharynx, or incidentally in any other part of the tract. The 
folds form primary and secondary series as regards branching, 
and transverse sections of this region show a maze of folded 
mucosa and occluded lumen. A small and relatively simple fold 
is shown in Text-fig. 3. Wider channels of lumen remain 
centrally to form a stellate canal into which the smaller channels 
of lumen open. The epithelium is no longer stratified but where 
unmodified by the presence of goblet-cells consists of a single 
layer of columnar, but not very tall, cells with oval nuclei which 
take up the major part of the volume of their cells. These un¬ 
modified regions are to be found at the tips of the branches of 
the mucosa (Text-fig. 8, Goblet-cells are numerous but 

occupy only the depressions of the mucosa, where they form 
extensive patches which contrast strongly with the unmodified 
papilla-like tips. They form only a single series and are usually 
laterally compressed due to crowding. The nuclei are to be 
found embedded in a crescentic mass of cytoplasm at the base of 
the goblets. Below the goblet-cells is a ‘ cushion ’ of small 
rounded cells, the only suggestion of stratification in the 
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epithelium. With the fixative employed, the contents of the 
goblets present a reticular appearance. 

Although occasional leucocytes are found between the un- 


Text-fig. 3. 



Transverse section of a portion of the oesophagus, showing the 
intense degree of mucosal folding. a.t.L, areolar tissue-layer: 
c.m.L 9 circular muscular layer; g.c., goblet-cells of the epithelial 
i j: "5^-tudmal muscular layer; mJb., loosely arranged, 

longitudinally disposed muscle-bundles within the areolar tissue^ 

"Tfi tw-U tips of the mucosal folds lacking 

goblet-cells. (x 40.) 


modified cells of the epithelium, it seems unlikely that such 
isolated units can materially aid food absorption. The histologi- 
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cal features enumerated above for the pharynx and oesophagus, 
the intensely folded mucosa, well-developed striated muscula¬ 
ture, abundance of mucous-producing cells, tend to demonstrate 
that this part of the alimentary tract is principally, if not solely, 

Text-fig. 4. 



Longitudinal section through the junction of oesophagus and 
stomach. The arrow shows approximately the line of demarca¬ 
tion, oesophagus above, stomach below, a.t.l., areolar tissue- 
layer ; c.mi., ciroular muscular layer; g.c., goblet-cells; g.cr. 9 
crypt into which gastric gland opens; g.gL , gastric gland; oe.ep., 
oesophageal epithelium; s.g.ep superficial epithelium of the 
stomach. (x50.) 

concerned with a facile swallowing of large morsels of food, 
which may be selected by means of the gustatory organs. 

* 

Stomach. 

Although, as has been stated, there is no external morphologi¬ 
cal indication of the passage of the oesophagus into the stomach, 
yet there is a fairly sharp line of demarcation between the organs 
histologically. The transition from oesophagus to stomach is 
marked first of all by the loss of the complex mucosal folds, 
in place of which are seen in the stomach seven or eight large 
and more or less equal longitudinal folds. In the contracted 
condition of the organ, these are approximated so that the lumen 
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is resolved into seven or eight radiating channels of narrow 
calibre (Text-fig. 5, LsL). It is also marked by the disappearance 
of goblet-cells (Text-fig. 4, s.g.ep.). A longitudinal section shows 
the abrupt nature of the change and also that the oesophageal 


Text-fig. 5. 



Diagrammatic transverse section of the stomach in the empty condi¬ 
tion. a.t.l., areolar tissue-layer ; bl.v., blood-vessel; c.m.L, circular 
muscular layer; g.p.m deep, glandular part of the mucosa; 
l.m.l., longitudinal muscular layer; 1st., lumen of stomach; 
o.p.m., superficial part of mucosa containing crypts; ser., serosa. 
(x25.) 


epithelium is continued into the superficial epithelium of the 
stomach (Text-fig. 4, oe.ep., s.g.ep.). 

The gastric mucosa varies in thickness in different parts of the 
organ, being much thicker in the middle and posterior parts than 
anteriorly. The thickness is directly due to the degree of folding, 
i. e. to the degree of development of the gastric glands. These 
are both deeper and more numerous in the mid-stomach and 
posteriorly. Anteriorly, they are very shallow (Text-fig. 6), 
although the crypts are well marked, and here resemble oeso- 
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phageal folds (Text-fig. 6, g.er.). The glands are of the simple 
tubular type, but appear to be slightly branched in the mid- 
stomach and posteriorly, and are closely aggregated. The super¬ 
ficial epithelium is formed into a series of pit-like depressions 


Text-fig. 6. 



Transverse section passing through a mucosal fold near the anterior 
extremity of the stomach. Indicating the shallow and simple 
nature of the gastric glands. areolar tissue; g.c., goblet-cells; 

g.cr., crypt leading into lumen of gland; gran.e., granular cells at 
base of gland tubule; muc.c., mucus-producing cells farming the 
neck of the tubule ; sup. ep., superficial epithelium. (x 125.) 

or crypts which lead into the glands. This superficial epithelium 
consists of columnar cells rather taller than those of the un¬ 
modified tips of the mucosal folds in the oesophagus. The nuclei 
are oval and difficult to stain during a prolonged resting period, 
e. g. during the period of the ‘ empty stomach \ The cell 
cytoplasm behaves in a st riking manner to stains. Hear the 
periphery is a narrow blue-stained zone (with Mallory); rather 
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more deeply situated is an equally narrow red-stained zone, and 
in the middle region of the cell just outside the nucleus is a broad 

Text-fig. 7. 



Vertical section of a gastric gland from the mid-stomach. a.t.L, 
areolar tissue; bl.c. and bl.v., blood-corpuscles and vessel; 
g.cr. : crypt (rendered in perspective as seen in a relatively thick 
section); gran.c., granular cells; l.gl., lumen of gland; 
mucus-producing cells; sup.ep., superficial epithelium lining 
crypt. (x 300.) 

blue-stained mass. This latter is also visible with borax- 
carmine, picro-nigrosin staining as a greyish mass. With 
NO. 290 s 
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mucioarmine one obtains no stain except in the peripheral part 
of the cells lining the crypts. These superficial cells are probably 
slightly mucus-producing, but are not typically so. 

The gastric glands consist of cubical cells of two types. In 
the neck of the glands immediately below the crypts occur cells 
which, during a prolonged resting phase, appear devoid of 
granules and unstained or faintly blue with Mallory or Dela- 
field’s haematoxylin. During active digestion these cells show 
only a border behaving in the above manner, the basal part of 
the cell staining more deeply. With mueicarmine these cells 
stain reddish, so that they are undoubtedly mucus-producing 
cells. They can be compared to the mucoid cells scattered 
among the so-called peptic cells of the mammalian fundic gland. 
The basal part of the gland tubule consists of granular cells, 
which are probably the enzyme-secreting cells of the gland. 
There is no sign of cells resembling the oxyntic or parietal cells 
of mammals in any part of the gastric mucosa. The component 
cells of the glands are illustrated in Text-fig. 7, sup.ep., muc.c.j 
gran.c . 

Text-fig. 8 illustrates diagrammatically a hypothetical con 
ception of the possible transition from the oesophageal type of 
mucosa to the gastric type. The intermediate type does not 
exist as shown in B, but an approximation to it is seen at the 
junction of oesophagus and stomach (Text-fig. 6, bottom, right). 
The homologous tissues are: (1) the tips of the oesophageal 
mucosal folds and the superficial epithelium of the stomach; 
(2) the goblet-cells of the oesophagus and the mucus-producing 
cells of the gastric tubule ; and (S) the cushion of cells below the 
goblet-cells in the oesophagus and the granular basal cells of 
the gastric gland. 

Near the pyloric sphincter the gastric glands become more 
shallow and opposite the sphincter, they disappear altogether 
while the crypts remain (Text-fig. 11, sup.ep.). The sphincter 
is merely the enormously thickened circular musculature. The 
muscles of the stomach consist of non-striated fibres, the transi¬ 
tion from the striated type occurring near the anterior end of 
the organ. Here also the loosely arranged muscle-bundles in 
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the areolar tissue-layer disappear. In the mid-stomach the 
inner and outer muscular layers are of approximately the same 
thickness, the former gradually thickening near the pyloric 
sphincter. The pyloric valve contains muscles from both the 
above layers but largely from the inner one. Goblet-cells occur on 
each side of the valve although the types of mucosal folds differ, 


Text-fig. 8. 



A 6 c 

Diagram illustrating an hypothetical conception of the t ransi tion 
from the oesophageal type of mucosa to the gastric type. A, 
oesophagus; C, stomach, and B, hypothetical intermediate type. 
aJ., areolar tissue; ep., in A, epithelium of tips of mucosal folds 
passing through B to form the superficial epithelium continued 
into the crypts in C; m.c., in A, goblet-cells forming the mucus- 
producing part of the gland tubule in C; gl.c. 9 in A, the* cushion ’ 
of epithelial tissue beneath the goblet-cells in the mucosal troughs, 
in C, the granular cells at the bases of the tubules. 

those on the anterior aspect to some extent resembling gastric 
crypts. 

Duodenum and Intestine. 

The mucosa of the duodenum and intestine is relatively 
simple in structure. In bulk it is gently corrugated into a large 
number of longitudinal folds which, unlike those of the oeso¬ 
phageal mucosa, are unbranched. During the period when the 
tract is empty, slight transverse folds also occur. The folds to 
some extent simulate villi, while the mucosal depressions give 

s 2 
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a false impression of crypt-like glands, especially in material 
fixed during a resting phase when the organ is empty. During 
digestion the intestine is greatly distended and the folds smoothed 
out. That villi and glands do not occur is indicated by the lack 
of histological differentiation in the mucosa, which consists of 


Text-fig. 9. 



Transverse section of a mucosal fold in the duodenum, fixed during 
a prolonged resting phase. Areolar tissue rendered in black. 
b.g.c. 9 filamentous basal part of the goblet-cells ; ep.c., columnar 
cells of epithelium; g.c., goblet-cells; Z.c., leucocytes; n.z., 
spindle-shaped zone containing nucleus; s.m., darkly staining 
border of epithelium. ( x 250.) 

tall and extremely slender columnar cells interspersed with 
goblet-cells. The nuclei are small and oval and, like the nuclei 
of the cells forming the gastric tubules, are difficult to stain 
during a prolonged resting phase, when the cytoplasm stains 
more deeply. Tissue fixed at the end of such a phase in Bouin’s 
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fluid and stained in section with Delafield’s haemotoxylin shows 
a deep-blue spindle-shaped mass about three times the length 
of the nucleus situated about the middle of the cell. In material 
fixed during active digestion the only parts of the nucleus taking 
up stain are the periphery and a fine chromatin network. The 
outer half of each cell also stains less deeply and the margin 
instead of appearing heavily stained is now quite pale. At the 
same time a rather darker mass appears just below the pale 


Text-fig. 10. 



Vertical section of the intestinal mucosa, fixed during active diges¬ 
tion of food. a.t, 9 areolar tissue; d.s.c., rather more deeply 
staining cytoplasm; epx., columnar cells of epithelium; Z.c., 
leucocytes; n.ep., nuclei of epithelial cells; p.s.m., margin of 
epithelium, now pale-staining. ( x500.) 

border. Text-fig. 9 shows the epithelium during a resting phase. 
Text-fig. 10 during active digestion. 

Numerous isolated goblet-cells occur in the epithelium. They 
are not found in patches as in the oesophagus and often rela¬ 
tively large areas of mucosa are seen to be devoid of them. They 
differ from the corresponding cells in the pharynx and oeso¬ 
phagus in that they are smaller, regularly oval, and possess 
a filamentous basal portion which contains the nucleus (Text- 
fig. 9, g.c., b.g.c.). 

Leucocytes are to be found between the epithelial cells of both 
duodenum and intestine at all times. Their small rounded 
nuclei, which stain blackish with Delafield’s haemotoxylin, 
render them conspicuous (Text-fig. 9 and Text-fig. 10, l.c.). 
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They appear in all zones to the margin of the epithelium, which 
apparently they never penetrate. If anything they appear in 
slightly greater numbers during digestion, although there is no 
marked change and it appears unlikely that they play any 
considerable part in this process. 

Processes of the areolar tissue-layer pass into the mucosal 
folds and carry small blood-vessels. There is no sign of a central 
lacteal, so that the folds are definitely not villi. In view of the 
fact that the museularis mucosa is absent, lacteals homologous 
with those of mammals could not exist in the plaice, since this 
layer in part forms the wall of these structures. It is probable 
that the spaces in the areolar tissue serve as lacteals in this fish. 

The musculature of the duodenum and intestine consists of 
equally thick circular and longitudinal layers. The fibres are 
of the non-striated type of course. Between the two layers occur 
the nerve-fibres and cell-clusters of the plexus of Auerbach, 
which appears very prominently in all sections of these regions. 
In material treated by the usual methods of histological tech¬ 
nique there is no sign of a ganglionated plexus comparable with 
that of Meissner, which is found in the sub-mucous coat of the 
mammalian intestine. 

The serosa of the intestine is much thicker than is that of 
more anteriorly situated regions of the alimentary tract. 

Pyloric Caeca. 

The histological structure of the pyloric caeca is similar to 
that of the intestine. The muscular layers are thinner and the 
mucosa is rather more considerably folded, although the folds 
are simple like those of the duodenum and intestine. The 
increased degree of folding appears to be due entirely to the 
almost spherical form of the caeca, which, as has already been 
stated, are very small. The lumen of each caecum is necessarily 
reduced but by no means obliterated, so that it communicates 
freely with the lumen of the duodenum (Text-fig. 11, tpy.c.). 
Thus the caeca are practically pockets of the intestine into which 
food can readily pass. 

The epithelium is similar to that of the duodenum, consisting 
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Text-fig. 11. 



Longitudinal section passing through, the pylorus and a pyloric 
caecum. a.t.L, areolar tissue-layer; c.m.l., circular muscular layer; 
ep.py.c., epithelium of caecum; longitudinal musc ular 

layer; Z.py.c., lumen of caecum ; p*$ph., pyloric sphincter ; pi. of 
A 9 nerve-fibres of Auerbach’s plexus ; py.v. f pyloric valve; ser. t 
serosa; sup.ep., _superficial epithelium of stomach (note the 
absence of glands in this region); v.m. 9 process of circular muscles 
contributing to the pyloric valve. ( x 30.) 
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of tall and slender columnar cells interspersed with goblet-cells. 
Leucocytes are found between the columnar cells just as com¬ 
monly as is the case in the duodenum and intestine. Between 
the muscular layers the plexus of Auerbach is conspicuous also 
(Text-fig. 11, pi oj A). In fact all the characteristic features of 
the post-pyloric intestine are repeated in the structure of the 
caeca, which can thus be regarded as an integral part of the 
alimentary tract in this region. 


Rectum. 

The boundary between the intestine and the rectum is marked 
by the intestino-rectal valve, as was stated earlier. This is 
quite as well developed as the pyloric valve which marks the 
boundary between the stomach and the duodenum. It differs 
from this latter valve in that its musculature is derived equally 
from that of the tract on each side of it (Text-fig. 12, m. o/ u.). 
The circular muscles of both intestine and rectum become 
slightly thicker near the point of origin of the valve and pass 
entirely into it, accompanied by a process of the longitudinal 
muscular layer. The nerve-fibres of Auerbach’s plexus also pass 
into the tissue of the valve. The mucosa is of the intestinal 
type on both faces (Text-fig. 12, ep.int, ep.red .), and there are 
more goblet-cells on the rectal face. The free end of the valve 
projects posteriorly. 

The mucosa of the rectum is similar to that of the intestine, 
the chief differences being a greater degree of folding in the 
closed condition and more numerous goblet-cells. These latter 
form an almost continuous sequence in some areas of tract and 
are of the same type as the corresponding cells of the intestine. 
Leucocytes occur between the columnar cells of the epithelium 
almost as commonly as in the intestine and at all times. 

The musculature of the rectum is much thicker than that of 
the preceding part of the alimentary tract. The inner, circular 
layer is more than twice as thick, the outer, longitudinal layer 
almost twice as thick as the corresponding layers in the intestine. 
The inner layer becomes suddenly thickened near the anus, 



Longitudinal section of the junction of intestine and rectum. a.t.L, 
areolar tissue-layer; bl.v., blood-vessel; c.m.l., circular muscula¬ 
ture ; ep.int., intestinal epithelium ; ep.rect., rectal epithelium; 
i.r.v., intestino-rectal valve; l.int., lumen of intestine; l.m.L, 
longitudinal musculature; l.rect., lumen of rectum; m. of v., 
musculature of valve; pi. of A, Auerbach’s plexus; ser., 
serosa. { x40.) 

where it forms the anal sphincter. Here, the mucosal folds are 
very numerous and very deep, while the goblet-cells completely 
disappear. 
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Discussion. 

When a consideration is made of the structure of the alimen 
tary tract in the various groups of fishes, many histological 
differences are found. The majority of these are bound up with 
gross morphological differences such as the types of stomach, 
the presence or absence of pyloric caeca or of a spiral intestinal 
valve and others. But differences occur apart from these. 
Macallum (1886) observed a ciliated epithelium in the oesophagus 
of Amia, Lepidosteus, and Acipenser, and even in 
the stomach of the first named. Sullivan (1907) describes a 
similar epithelium in the oesophagus of the Elasmobranchs. It 
appears that such an epithelial layer does not occur at all in the 
Teleostei as neither Greene (1912) nor Stirling (1884) observed 
it in the king-salmon and herring respectively. Gulland (1898) 
unfortunately omits a consideration of this region in the salmon, 
but in the plaice the present research shows that cilia are absent 
from every part of the tract. Nor did Pilliet (1894) observe a 
ciliated epithelium in any of the Pleuronectidae he studied. 

Although there is no external indication of the passage of the 
oesophagus into the stomach in the plaice, there is, as we have 
seen, a- definite, sharply defined histological boundary between 
the two regions. The mucosa of the oesophagus with its much- 
branched and complicated longitudinal folds and abundance of 
goblet-cells passes abruptly into a glandular stomach devoid of 
such folds and cells. Cole and Johnstone err in remarking that 
the oesophagus is sharply defined from the stomach by the 
strongly developed transverse musculature at the proximal end 
of the latter region. On the contrary, the immense circular 
muscles of the oesophagus diminish in thickness gradually in 
passing towards the mid-stomach. There is no abrupt ch an ge in 
thickness at any point. In passing it might also be added that 
the feebly developed longitudinal musculature consists of 
striated fibres and not of non-striated elements, as these writers 
maintain. They did not observe the loosely arranged muscle- 
bundles in the areolar tissue-layer. 

The oesophagus of the herring is abundantly beset with goblet- 
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cells, between the upper ends of which Stirling also found small 
triangular cells intercalated. Greene did not observe goblet- 
cells in the king-salmon but instead found cells with basal nuclei 
and clear outer margins, which he regards as mucus-producing 
cells. Goblet-cells are very numerous in the oesophagus of the 
plaice, but there is no sign of an intercalated series of triangular 
cells, although occasional cells are found in this situation. These 
are explained when it is considered that cells below the periphery 
develop into goblet-cells in the depths of the folds where the 
epithelium is to some extent stratified. Unmodified cells, 
therefore, can remain in a superficial position and in other 
positions without forming a definite layer. 

Only a few workers have differentiated between the pharynx 
and the oesophagus, probably because the two regions together 
form only a relatively short length of tract. Three features 
justify one in considering the pharynx as a definite region: the 
absence of longitudinal musculature, the definitely stratified 
epithelium with its abundance of goblet-cells, and the presence 
of structures referred to as taste-buds. I have not met with any 
hitherto published account of the occurrence of taste-buds in 
the pharynx of the teleost fish, but Macallum (1886) describes 
such structures in the oesophageal mucosa of Acipenser, 
remarking on the rare occurrence of these in a similar situation 
in the higher vertebrates. This leads him to the conclusion 
that the piscine and mammalian oesophageal regions are not 
homologous. Comparison of these regions in the plaice and the 
mammal is not particularly yielding, but. it is conceivable that 
the deep folding of a mucosa richly supplied with goblet-cells 
might lead to the development of definite mucous glands in the 
folds, thus removing the necessity for superficial goblet-cells. 
If mucous glands of mammals have developed in this way, then 
the pharynx of the fish, possessing taste-buds as well as incipient 
mucous glands, would correspond to the similarly named region 
in the mammal plus adjacent regions such as the epiglottis and 
the tongue, i. e. the structures bearing the gustatory organs. 

Prom the description given, it seems clear that the functions 
of the oesophagus and pharynx are gustatory, mucus-producing, 
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and the facilitating of rapid and efficient swallowing action. The 
absence of definite glands and specialized cells suggests that 
these regions possess little or no secretory power apart from that 
of mucus-production. 

Heidenhain (1870) discovered two kinds of cells in the tubules 
of the gastric glands of mammals. These are now referred to 
as central and parietal or oxyntic cells. Edinger (1877) made 
a detailed study of the histology of the digestive tract of fishe$ 
and found that only one type of cell occurs in the tubules and 
that this type was neither central nor parietal. Gulland (1898) 
recognized tw T o kinds of epithelium in the gland tubule of the 
salmon, but agreed that the parietal type of cell is non-existent. 
The two epithelial types he refers to as intermediate and zymin- 
produeing, the former being found in the neck of the gland while 
the latter forms the base of the tubule. He remarked on the 
appearance of a clear outer hem in the intermediate cells. 
Green (1912) says, 4 There is no intermediate structurally inter¬ 
mediate type of neck-cell in the king-salmon as suggested by 
Gulland for the Atlantic salmon \ He believes that this type 
of cell is merely 4 a foreshortened type of cylindrical cell \ But 
in the plaice two distinct types of cell occur in the gland tubule 
and are most evident during a prolonged resting phase. In the 
neck of the gland, cells occur which are only faintly stained in 
ordinary preparations but which are undoubtedly stained with 
mucicarmine, thus being mucus-producing cells. At the base of 
the tubule the cells are very granular and undoubtedly are 
enzyme-producing cells. The mucous cells are inconspicuous, 
relatively, during digestion, and it is suggested here that Greene 
probably overlooked them as a result of sectioning material fixed 
during digestive phases when they were not evident types. 
Gulland, being chiefly concerned with the period of the spawning 
migration, would use material fixed during a prolonged resting 
phase when, in the plaice at least, the cells are best demon¬ 
strated. Stirling (1884) also observed clear cells apparently 
filled with mucus in the ducts of the gastric glands of the cardiac 
sac of the herring, but did not emphasize this finding. 

- It appears that all workers are agreed that parietal or oxyntic 
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cells do not exist in fish, and as these cells are deemed hydro¬ 
chloric acid producing the question of the source of the acid is 
still unsettled. Stirling, remarking on this fact, conceives it 
possible that the superficial cells perform more than one 
function and produce both the acid and mucus as well. In the 
plaice the cells of the neck of the tubules are undoubtedly the 
agents responsible for the production of mucus, being possibly 
derived from the goblet type of cell. The superficial cells, which 
are not typical mucus-producing cells, are probably in some 
way connected with the production of the acid found in the 
stomach during digestion. Gulland apparently under-estimated 
the importance of the cells in the neck of the tubule. 

In the king-salmon gastric glands do not occur near the 
pyloric valve. Similarly in the plaice the region opposite the 
pyloric sphincter is devoid of glands although possessing crypts. 
According to Maeallum, however, in the pyloric region of 
Acipenser, * the majority of the cells are open peripherally ; 
from this and from their being swollen they bear a resemblance 
to goblet-cells.’ Thus, if the fixation of Macallum’s material 
was all that could be desired, the absence of goblet-cells from 
the stomach is not general in fishes. 

Mention must now be made of the work of Pilliet (1894). He 
investigated the stomach of the Pleuronectidae, using the turbot 
chiefly but also making use of the sole, the dab and the plaice. 
In the last two he was most unfortunate, and referring to these 
he says, 4 Enfin le Carrelet nous a offert une exception qui 
merite d’etre signalee. L’estomac etait vide, et nous avons eu 
beau multiplier les coupes de la muqueuse apr&s la fixation par 
l’alcool, les glandes gastriques nous ont eehappe.’ And again, 
‘ Pour la Limande, la m&ne difficulte s’etait presentee, mais nous 
avions reussi a tomber enfin sur la region glandulaire.’ He later 
adds that after mounting supposed sections of the stomach of 
the plaice they invariably found that they had missed the 
stomach region, having obtained sections of either the oeso¬ 
phagus or the region of the pylorus. His explanation cannot be 
overlooked. He says, 4 H faudrait done conclure que les glandes 
diminuent de nombre et de volume pendant certaines pSriodes, 
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pour reprendre champ pendant certaines autres.’ This most 
decidedly is not the case in the plaice even during the period 
when the fish characteristically possesses an 4 empty stomach \ 
In the large n um ber of fishes I have dissected during this and 
other periods, the stomach is unchanged except for the con¬ 
traction naturally consequent upon an empty stomach. It seems 
natural that Pilliet should conclude that ‘ V oesophagus n’est 
pas, comme chez les vertebras superieurs, un conduit bien dis¬ 
tinct ; il contribue a former la poche stomachale 9 , with which 
conclusion I must strongly disagree. But he observed that the 
gastric glands of the turbot did not contain parietal cells, remark¬ 
ing that ‘ on voit seulement celles qui se rapprochent du col 
de la glande etre 4 la fois plus refringentes et plus opaques que 
celles du fond des cul-de-sac dont le plasma est parseme de fins 
granules Thus, the neck-cells of Gulland and the correspond¬ 
ing cells in the plaice did not escape his notice. 

The accounts of other workers on the histology of the intes¬ 
tinal part of the alimentary tract do not readily lend themselves 
to discussion. Most investigators agree that it is extremely 
simple, consisting, as it does in the plaice, of a folded mucosa 
formed chiefly of an epithelial layer of columnar cells. These 
cells do not show any pronounced granular structure, nor do 
they indicate any differentiation except into goblet-cells. The 
folds to some extent simulate villi and crypts, but that these 
structures do not exist is shown by the absence of lacteals and 
granular cells such as those of Paneth. But as regards secretory 
power it is observed in the plaice that the nuclei of the epithelial 
cells are not evident in stained preparations of material fixed 
during a resting phase. Instead one sees a spindle-shaped mass 
of much greater length than the nucleus, which during digestion 
shows up as a small oval body, which occupies the middle of the 
cell and which stains heavily. In material fixed during digestion 
only the boundary of the nucleus and a fine chromatin network 
stains. That this phenomenon is connected with secretion I feel 
fairly certain. 

Goblet-cells are not as numerous as in the oesophagus and 
are of a different type, possessing a filamentous basal portion 
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which contains the nucleus. Leucocytes are to be found 
between the cells of the epithelium at all times and in all zones, 
but are present in relatively small numbers which appear fairly 
constant. For this reason it appears doubtful that they play 
any considerable part in the absorption of food materials. There 
are no villi and no lacteals in the areolar tissue below the mucosa. 
It appears that the products of digestion pass through the 
epithelium into the reticulum of the areolar tissue-layer and 
thus directly into the blood-stream. 

What has been maintained for the duodenum and intestine 
also holds for the pyloric caeca which are identical in histological 
structure with these regions, and which are in open communica¬ 
tion with the lumen of the duodenum. It has been maintained 
that these are organs for storage of reserve food materials, 
structures concerned with secretion, with absorption, or with 
both these latter functions. In the plaice they are small and 
rudimentary or vestigial, but they present no differences in any 
respect from the duodenum in histological detail and are un¬ 
doubtedly as much concerned with secretion and absorption 
as is this latter region. 

Cole and Johnstone (1901) state that in the plaice 4 there is 
no essential difference between intestine and rectum, but it is 
convenient to distinguish the terminal portion of the alimentary 
canal from that immediately preceding it \ From this passage 
it is clear that they overlooked the presence of an 4 intestino- 
rectal ’ valve which separates the two regions. This is quite as 
well developed as the pyloric valve, from which it differs in 
deriving its musculature from the muscle-layers on each side 
of it and not from that on one side alone. The rectum differs 
from the intestine in being more abundantly supplied with 
goblet-cells and in having a thicker musculature. This latter 
may be due to a relatively greater degree of contraction following 
fixation. The anal sphincter is formed from the circular muscula¬ 
ture and is much shorter than the pyloric one. It is curious that 
the final portion of the rectum should be devoid of goblet-cells. 
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Summary. 

1. Structures similar in detail to the taste-buds of mammals 
occur in the epithelium of the pharynx, w T hich is considered as 
a distinct region for reasons given. 

2. The oesophagus possesses an extremely well-developed 
musculature composed of striated fibres and an intensely folded 
mucosa liberally beset with goblet-cells. There are no glands 
present, and it is sharply defined from the stomach. 

3. The musculature of the stomach consists of non-striated 
fibres, and there is no differentiation between the gastric glands 
at the ‘ cardiac * and 4 pyloric ’ ends of the stomach, except that 
in the former position they are more shallow. 

4. Three types of cells enter into the composition of the gastric 
mucosa, superficial cells forming the surface epithelium and 
that lining the crypts, mucus-producing cells forming the neck 
of the tubule, and granular cells forming the basal, secretory 
portion of the tubule. Parietal or oxyntic cells do not occur, 
nor do goblet-cells, in any part of the gastric mucosa. 

5. The intestinal mucosa is folded so as to simulate crypts and 
villi, but it is shown that these structures do not occur. There 
is no differentiation of the intestinal epithelium except into 
goblet-cells. Leucocytes are seen in all zones of the epithelium 
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at all times but in relatively small numbers which appear con¬ 
stant, so that they probably do not play any considerable part 
in food absorption. 

6. The pyloric caeca exhibit the same histological structure 
as the intestine and are in open communication with this part 
of the alimentary tract. They are probably secretory and 
absorptive like the duodenum and intestine. 

7. A well-developed valve occurs at the junction of the intes¬ 
tine and the rectum. The rectum shows the same structure as 
the intestine except that the folds are deeper and more consider¬ 
ably beset with goblet-cells and the musculature thicker. 
Goblet-cells disappear from the mucosa near the anus. 
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The Gregarines of Cucumaria: Lithocystis 
minchinii Woodc. and Lithocystis 
cucumariae n.sp. 

By 

Helen Pixell Goodrich, M.A. (Oxon.), D.Sc. (Lond.). 

With 4 Text-figures. 


In 1906 Woodcock described an interesting gregarine occur¬ 
ring in the respiratory trees of Cucumaria. 1 This parasite 
is neogamous and so precocious is its association that normal 
single vegetative forms (trophozoites) have not been seen. 
Apparently, as Woodcock pointed out, infection takes place by 
spores being drawn into the respiratory trees with currents of 
water through the cloaca! aperture—a quite exceptional method 
of contamination, so far as is known. The sporozoites emerging 
from a ripe spore probably penetrate immediately between the 
epithelial cells into the connective tissue of the respiratory tree 
wall and there pair and round off. After absorbing food and 
growing at the expense of the host, they encyst. The host also 
forms round each pair of parasites a cyst consisting of several 
layers of flattened cells. These spherical cysts of various sizes 
are the most commonly encountered stage of the parasite, and 
are to be seen as conspicuous opaque white spheres through the 
wall of the respiratory trees on opening into the coelom. Each 


1 Woodcock recorded the gregarine from C. pentactes and C. 
planci (1906, p. 2), but at the time that he was working on it there was 
some confusion in the nomenclature of these Holothurians and they had 
in the year before been declared to be identical. The correct name of the 
former now appears to be C. saxicola Brady and Robertson, and that of 
C. pi anciisC.norma ni Pace (for specific characters see Orton, 1914). 
I have never found this latter species infected with any gregarine and suspect 
that some of Woodcock’s specimens may have been wrongly identified for 
him at Plymouth and that possibly all the infected ones were C. saxicola. 
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cyst contains two nuclei, but generally no partition or other 
indication of a dual origin. They are quite soft and easily 
deformable, becoming much flattened when mounted under a 
cover-glass. These early stages have already been described by 
Woodcock, who recorded cysts varying from 17 to 200 /a in 
diameter. I have been lucky enough to find still larger cysts, 
many containing spores, otherwise I can add little to his descrip¬ 
tion. Finding no thin g but vegetative stages in the respiratory 
trees, Woodcock was led to connect this parasite with another 
gregarine, Lithocystis (Diplodina, Oystobia) min- 
chinii, which he found in the general body-cavity. This 
protozoan parasite was also fairly common in the Cucumaria 
that I have examined, and some further description of it is given 
below (p. 280). 

Lithocystis cucumariae n.sp. 

This seems to be the most suitable name by which to distin¬ 
guish the gregarine which goes through its whole life-history in 
the respiratory trees of C u c u m a r i a. It has appeared in only 
ten out of thirty-five specimens of C. saxicola examined 
from the Plymouth district since March 1927. A few of these 
holothurians were taken from the shallow tank in the old 
laboratory where they had probably been living for months. 
However, they seemed perfectly healthy and one individual had 
no infection at all, so they were not necessarily infecting each 
other. Another infected specimen came from Wembury Bay, 
and several others were taken in a trawl near the Mewstone and 
Stoke Point. Sometimes the infection was so heavy that the 
respiratory trees appeared to be more or less covered with the 
white cysts, while in other Cucumaria only two or three 
could be found. 

Woodcock (1906) has described the vegetative stages lying 
inertly in the connective tissue-layer of the respiratory trees 
after their very early association, and his figs. 4,18,19, and 
82 represent this parasite. Many of mine have been at rather 
later stages than he showed in fig. 19. They were often larger- 
some being as much as 600 /a in diameter apart from the layers 
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of flattened connective-tissue cells for min g the host cyst. Many 
of the larger cysts were full of ripe spores. These cysts were 400 
to 500/* in diameter before compression and, as usual with 
gregarine cysts containing spores, they were rather more trans¬ 
parent than those containing earlier stages. They could thus 
be distinguished even macroscopically from the opaque cysts 
containing trophozoites. 

The spores, crowded together indiscriminately within the 
cysts, were provided with long, flattened tails (Text-fig. 1) 
tapering to a point. They differed from most other Lithocystis 
spores in having a double funnel at the other end from the 
tail. The inner delicate episporal funnel was generally 2-3 j a 
deep. 1 When seen in profile the four upstanding edges of the 
two funnels had often the appearance of refringent spines, but 
by examining a spore from its funnel end, the delicate circular 
edges of inner and outer funnels could be clearly distinguished 
to be free from any spines or processes. W 7 hile a sporozoite was 
forcing its way through the inner funnel it has been seen still 
surrounded by the outer one as usual—the use of it being quite 
obscure. The thick-walled endospore measured about 18 /a long 
and 7ft at its widest part. The eight sporozoites were excep¬ 
tionally short and broad. They were often arranged more or 
less in an upper and lower series round the central residuum 
of large refringent granules. They, however, appeared to be 
capable of rearranging themselves—sometimes most of them 

1 To make out the structure of the delicate epispore or spore coat it is 
absolutely necessary to examine the spores fresh and it is a great help to 
be able to stain them. Some years ago [1915] I found that Stephen’s blue- 
black ink was a very good stain for epispores and I still know of nothing 
better than fresh ink for staining spores mounted in water. The disadvan¬ 
tage of ink is the readiness with which it forms precipitates. Owing to the 
courtesy of one of the directors of Messrs. Stephens, one portion of the 
mixtures of substances incorporated in their ink and labelled by him B was 
tested by me and found to be ideal, since it gave no precipitate with alcohol 
nor any watery solution used. Unluckily I do not know the constitution of 
this fluid B, said not to be a simple solution. However, more recently 
methyl blue has also given satisfactory results especially when slightly 
acidified, and for permanent preparations I now use a half-saturated solution 
in 0*5 per cent, acetic acid and stain for some hours. 
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were lying obliquely across the spore. Each ripe sporozoite was 
somewhat fusiform and about long and 2 to 3 ft wide—the 
nucleus, consisting of a small deeply staining caryosome in a 
clear vesicle, being towards one end. So transparent were the 
sporozoites that the most conspicuous part of the spore was the 
central spherical residuum. The delicate tails were a little 
wider than the endospore proximally and tapered to a whip-like 
extremity, being altogether about 50 ft long. The episporal 
processes were already formed by the time that the four- 
nucleated stage of the sporocyst was reached, though they were 
at this stage even more delicate and easily pressed out of shape, 
and the funnels have shown clear evidence of being formed by 
the folding back on itself of the episporal wall. It should be 
noted that this gregarine, though having a spore with a long 
flattened tail very like the type Lithoeystis (L. s chne i d er i 
Giard), is very different from it in other ways, especially in 
having its active vegetative stage very much curtailed owing 
to neogamy. No doubt its precocious association is in correlation 
with its habitat, for it would be obviously impossible for un¬ 
attached forms to remain in the lumen of the respiratory trees 
owing to the currents of water passing in and out. 

Occasionally a small rounded trophozoite has been found 
embedded in the respiratory tree wall and on examination has 
been found to have a single nucleus only; one of these measured 
as much as 150 ft in diameter. In every one, however, the cyto¬ 
plasm was found to be vacuolar and obviously necrotic, and 
there is no reason to think that solitary encystment is any more 
successful in this than in other gregarines. 

Some early stages in nuclear division have been observed in 
the associates, but unfortunately no late stage and neither 
gametes nor zygotes have been obtained. This, no doubt, 
indicates that these sexual stages are passed through rapidly, as 
in most gregarines. A few empty cysts were found in the 
respiratory tree wall. There is no evidence that these cysts 
were burst during manipulation, so possibly the spores occasion¬ 
ally escape in this way and either cause auto-infection or pass 
to the exterior through the cloaca. /Ne ean at any rate now be 
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certain that this gregarine passes through its whole life-history 
in the respiratory trees of C. saxicol a—a habitat from which 
no other parasite has ever been recorded—and the following 
are its specific characteristics so far known. 

Lithocystis cucumariae n.sp. 

Trophozoites neogamous and encyst in the wall of the 
respiratory tree. 

Spores (approximately 18ft long) provided with an epispore 
produced into a double funnel at one end and at the other into 
a long tapering tail. 

Sporozoites, short and transparent, arranged round a con¬ 
spicuous residuum of refringent granules. 

Habitat; respiratory trees of 0. saxicola. 

Lithocystis minchinii Woodc. 

Synonyms: Diplodina (Cystobia) minchinii Wood¬ 
cock, 1916. 

Gonospora minchinii Tregouboff, 1918. 

This gregarine was found parasitic in fourteen out of thirty- 
five specimens of C. saxicola, but only four times simul¬ 
taneously with L. cucumariae. In dealing with it I should 
like to refer first to the spores—these being the structures of 
most use among gregarines for determining species. 

Each spore-containing cyst was held closely to or even em¬ 
bedded in the coelomic wall, mesentery or a retractor muscle, 
being surrounded by a thick connective tissue-layer forming a 
host cyst. The cysts themselves were generally from half to 
one millimeter in diameter and full of spores—no residuum being 
present. When compressed, the spores broke through the tough 
host cyst at a central spot on the free surface (Text-figs. 8 and 4) 
which will be referred to below. 

The spores were examined immediately, while perfectly fresh, 
and even then considerable difficulty was experienced in making 
out their very peculiar structure (footnote, p. 277). 

On the shoulder of each spore (Text-figs. 2 a and b), round the 
delicate funnel through which the sporozoites escape, the 



GREGARINES OP CUCUMARIA 


281 

epispore is raised up into a series of conical projections forming 
a more or less regular outer funnel; similar episporal projections 
occur at irregular intervals over the sides of the spore and at the 
posterior end there is a larger one forming a delicate flattened 
tail—to be seen whenever an exact profile view of a spore is 
obtained. Individual spores show much diversity in detail; 
the whole epispore has often, especially when fixed, the appe'ar- 

a Text-fig. 2. b 



Spore of L. minchiniix 3,000 approx, (a) Surface view; 

(6) optical section showing sporozoites and residuum. 

ance of a loose thin-walled sack falling into folds about the 
refringent endospore. 

The spores are small, the endospore measuring generally 10 to 
12 \l by 7 to 8 ft, and by far the most conspicuous part is the 
spherical mass of residual granules, which have a high refrin- 
gency. Round this mass the eight sporozoites are variously 
arranged ; each is about 6 p long and almost transparent. 

Prom their habitat, size, and general appearance, there 
can be no doubt that these are the spores that Woodcock 1 
found and named after Professor Minchin. He said that their 

1 I am much indebted to Dr. Woodcock for putting some of his and 
Professor Minchin’s preparations at my disposal so that I have been able 
to re-stain and compare them with my material. 
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structure was very difficult to make out, as indeed it must have 
been in the preserved material that he used ; some examined in 

Text-pig. 3. 



Optical section of a pair ofL.minchinii enclosed in cup-shaped pro¬ 
cess of the host’s body-wall. For scale and lettering see fig. 4. 

alcohol he described as 4 crinkled and warty in outline * (1906, 
p> 57). Consequently, it is not surprising that the short tail 
was not observed and that this gregarine’s affinities with 
Liihocystis were overlooked. Even now these a ffini ties are 
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not very close and it may be necessary to make for it a new 
genus when its complete life-history is known. 

In addition to cysts containing spores, I have found in the 
same positions in the host exactly similar cysts still containing 
the associated gregarines with their tw r o nuclei unchanged or 
occasionally in early stages of nuclear division: these cysts 
were also all surrounded by thick layers of connective tissue and 
embedded more or less in the host’s tissues, as shown in Wood¬ 
cock’s fig. 16. Further, there can be little doubt, I think, that 
the bodies shown in Woodcock’s figs. 6 and 12 are, as he said, 
earlier stages of this same parasite. In Text-fig. 8 I have given 
an optical section of one of these bodies freshly detached from 
the body-wall of the host. 

Here the associated trophozoites are enclosed in a stalked 
eup-shaped body, and some of the contractile fibres may be seen 
protruding from the proximal end of the long stalk where they 
have been tom away from the fibres in the connective tissue of 
the host’s body-wall. The lips of the cup enclosing the pair 
of gregarines have at this stage almost met at the distal end ; 
they do not appear to fuse so long as the cyst projects at all into 
the coelom (Text-fig. 4), and when compressed under a cover- 
glass, the cytoplasm followed by the nuclei of the gregarines 
could be made to shoot out with explosive suddenness through 
this central aperture in the host cyst. Even at the spore stage, 
as already mentioned, this is the only spot in the thick connective 
tissue cyst at which the spores could escape. 

So definite were these cup-shaped bodies enclosing associated 
gregarines that one was tempted to suspect that they must be 
some special excretory organs of the host—such as the ciliated 
urns of Synapta. However, I have not been able to find 
them in Cucumaria uninfected with this gregarine, nor can 
I find any reference to similar structures in the literature of 
these Holothurians. The cup is lined with peritoneum, in places 
several layers thick (Text-fig. 3). The walls and stalk contain 
in addition to the contractile fibres many ordinary leucocytes 
and also a few of the large amoebocytes full of refringent 
globules which are of common occurrence in the general con- 
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nective tissue of the body-wall. The globules of these amoebo- 
cytes stain mauve intra-vitam with cresyl blue, while the nuclei 
of leucocytes, peritoneal cells, and parasites stain blue. 

The paired gregarines that I have measured in these cups have 
been from 800 n to a millimetre long. Only once have I seen 
any division in the cytoplasm and that was possibly an abnormal 
specimen, but it had a trace of a partition at its proximal end, 
showing, as indeed the position of the nuclei also indicates, that 
association has been lateral. The cytoplasm could not be made 
to show any sexual dimorphism by means of intra-vitam stains. 
The nuclei were about 42 /* in diameter and appeared to contain 
a clear fluid in which was suspended a vacuolated caryosome of 
20/* diameter. The stalks varied in length : the longest, as in 
Text-fig. 8, have been found on the actual body-wall where the 
connective tissue fibres have to pass through the circular 
muscles of the body-wall and then through the very thick 
coelomic epithelium—they were often to be found quite close to 
the longitudinal muscle-bands. Their relationships were con¬ 
firmed by the study of serial sections through regions of the 
body-wall to which were attached cysts as well as the cup¬ 
shaped bodies. When once the full-grown pair of parasites has 
secreted its own thin and compressible cyst-wall, there can be 
little doubt that the stalk of the cup is shortened by the contrac¬ 
tion of its fibres, for, although associated pairs of parasites are 
found in stalked cups or sessile (Text-figs. 8 and 4, and Wood¬ 
cock’s figs. 12 and 16), no later stages have ever been found in 
the stalked forms. Cysts containing spores may be seen in 
sections either projecting partially into the coelom beyond the 
epithelium or completely embedded in the body-wall, having 
apparently been drawn down through the muscle-layers into 
the connective tissue-layers. Here presumably the spores, sur¬ 
rounded by their very tough cyst-walls, remain imprisoned 
during the life of the host and thus all chance of auto-infection 
is prevented. 

The cysts embedded thus in the thick body-wall of the 
Cucumaria are quite hidden from the outside of the animal 
as well as from the coelom, and were no doubt often entirely 
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overlooked by me at first as well as by Woodcock. This would 
account for the fact that they seemed to be very rare. Several 
hosts appeared at first to have only a single cyst and that nearly 
always on the large retractor muscles of the buccal region— 


Text-pig. 4. 
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Part of a section through the coelomic portion of the body-wall of 
€. saxicola showing two spore-containing cysts of L. minchi- 
nii. a., aperture of cup; am., amoebocytes; c. f caryosome; ct., 
connective tissue fibres; Cy., cyst protruding on to surface, median 
section; cy., embedded cyst cut to one side; e., thick layer of 
epithelium ; m., circular muscle-layer; p. } nuclei of peritoneum. 


projecting only slightly from the surface. The thick connective 
tissue-wall was very tough to dissect, but when compressed the 
spores easily broke through the parasite cyst and emerged 
through the central aperture left in the host cyst or cup. On 
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one occasion a cyst with ripe spores was embedded in the 
mesentery supporting the alimentary canal, and in another 
Cucumaria I once found a cyst with the remains of a stalk 
free in the ooelomic cavity. The contained parasites had reached 
an early stage of nuclear division and might possibly have 
developed further if they could have been removed and kept 
under aseptic conditions. 

Strangely enough, no definite young stages of this gregarine 
have been seen—occasionally oval trophozoites have been found 
in the coelom, but they have been so limp and easily destroyed 
that it has often been impossible to pick them up with a pipette. 
They were probably specimens which had failed to pair and had 
become necrotic. 

One may perhaps conjecture that sporozoites are liberated 
from spores drawn into the alimentary canal through the 
mouth and that they pair while finding their way through its 
wall into the coelom, where, if successful, they grow rapidly and 
stimulate the tissues of the host to grow out and envelop them, 
as described. 

Even when they have been so enveloped they may sometimes 
fail to develop. Possibly if they fail to secrete a cyst the host’s 
phagocytes are able to attaek them while in these cup-shaped 
bodies. Anyhow, I have found occasionally that the cups con¬ 
tained only limp pairs such as were sometimes free in the coelom 
and when touched the cytoplasm easily flowed out through the 
aperture. Similarly empty cup-shaped bodies were sometimes 
found, but only in specimens of Cucumaria infected with 
this gregarine. 

It will thus be seen that in order to complete the life-history 
of this parasite a knowledge of the early vegetative stages is 
necessary as well as the gametes and zygotes. These stages 
would no doubt be most easily obtained by artificial infection 
of young Cucumaria. Possibly the pairs enclosed in their 
host cup could readily be induced to continue their development 
in vitro provided they were extracted under aseptic conditions 
and mounted in sterile coelomie fluid. I have not been able to 
cany out these experiments with Cucumaria, but we have 
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already had some success in the development of gregarines from 
fresh-water animals 4 in vitro 

Specific characteristics of L..minchinii Woodcock may 
be given at present as follows : 

1. Association lateral and neogamous. 

2. The host attaches the paired parasites to its coelomic wall 
throughout the greater part of their lives and tries to embed 
them in its connective tissue. 

3. Spores with peculiar episporal projections including a short 
flattened tail. 

Summary. 

Of two neogamous gregarines infecting C. saxicola and 
hitherto considered to be one and the same species, one—L. 
cucumariae n.sp.—was restricted to the respiratory trees 
and had spores with long flattened tails. The other—L.min- 
chinii Woodc.—was enclosed throughout most of its life in 
a cup-like outgrowth of the host’s coelomic epithelium and con¬ 
nective tissue, and had spores with peculiar episporal processes 
including a short tail. 

Department of Zoology and Comparative Anatomy, 

University Museum, Oxford. 
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On the Development of the Skull of 
Leptodeira hotamboia. 
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With. Plates 12 and 13 and 6 Text-figs. 


Introduction. 

Accounts of the development of the Ophidian skull are not 
numerous. Eathke as early as 1839 described the development 
in Coluber natrix from a macroscopic point of view. 
Parker (1878) gave a full description, excellently illustrated, of 
Tropidonotus natrix, but his work is out of date and it is 
evident that he was misled in several points, especially over the 
condition of the orbito-temporal region. He does not appreciate 
the reduced state of the side-wall in this region, and claims to 
have identified both an orbito-sphenoid and an alisphenoid. 
Gaupp makes many valuable contributions to the understanding 
of the snake skull, but, as he had only a single specimen of a 
Tropidonotus natrix embryo, he was unable to settle 
definitely the doubtful points in Parker’s work. Peyer in 1912, 
with the intention of bringing Parker’s work up to date, gave 
an excellent account of the stages of development in Yip era 
a s p i s, but he failed to settle the problem of the orbito-temporal 
region satisfactorily. De Beer (1926), in his work on the orbito¬ 
temporal region, discussed the problem of the ophidian ali¬ 
sphenoid in the light of the present-day understanding of that 
bone, but had only one specimen of Tropidonotus and one 
of Pseudechis at his disposal. He suggested that I should 
undertake a full investigation of the developmental stages. The 
work was begun primarily in the hope of reaching a solution to 
the vexed problem of the ‘ alisphenoid \ In the course of the 
investigations several interesting points have come up: the 

NO. 290 u 
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posterior attachment of the nasal capsule, the probable absence 
of an extracolumella and the nature of the columella attachment 
to the quadrate ; the homology of the fenestra cochleae. 

The material for study has been a series of five different stages 
of embryos of Leptodeira hotamboia. A batch of eggs, 
about a month old from fertilization, was given to me by the 
Director of the Snake Park, Port Elizabeth, South Africa. I 
kept them in damp earth in a temperature warm enough to force 
development, and took stages every four or five days. The first 
four stages were taken within the second month of development, 
and vary from 6| to 8 mm. in head-length. The fifth was taken 
after a gap of four or five weeks, a few days previous to hatching, 
head-length 10 mm. 

Half the embryos were killed and fixed in Bonin’s mixture, 
half in corrosive acetic mixture. The heads were stained i n 
t o t o in borax carmine, sectioned, and the sections stained in 
picronigrosin. A blotting-paper and wax model was recon¬ 
structed from serial sections of the earliest stage. 

The work has been carried out in the Department of Zoology 
and Comparative Anatomy, University Museum, Oxford, and 
I am indebted to Professor Goodrich and Mr. de Beer for their 
kindly advice and help, and for the loan of slides. 

Basal Plate and Occipital Begion. 

In the model made from a four-week-old embryo of Lepto¬ 
deira hotamboia, head-length 8 mm., illustrated in figs. 1 
and 2, Pl. 12, the cartilaginous basal plate shows a dorsally 
concave floor suspended between the otic capsules, and extend¬ 
ing from the foramen magnum posteriorly to the fenestra 
hypophyseos anteriorly. It is rectangular in shape; in an 
antero-posterior direction it inclines downwards in a steep curve 
so that the foramen magnum faces in a posteroventral direction. 
The anterior margin is thickened to form a crista sellaris, from 
the antero-lateral comers of which the trabeculae extend for¬ 
ward. The basal plate extends unusually far forward. When 
compared with Lacerta the distance between the facial foramen 
and the crista sellaris is exceptionally long. This portion in 
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Leptodeira forms a third of the whole plate. The basicranial 
fenestra, circular in outline, is situated entirely within this 
anterior third and therefore in front of the auditory capsules. 
Parker (1898) figures the same excessive length of the anterior 
end of the basal plate for Tropidonotus; Gaupp (1906) also 
for Tropidonotus, and Peyer (1912) for the viper, illustrate 
the same condition. It is probably universal for snakes. 

The notochord extends forward in a ridge down the centre of 
the basal plate. In most of the specimens it does not extend as 
far as the basicranial fenestra. In Stage IV alone it was traced 
into the filling tissue of the fenestra. 

The basal plate is continuous posteriorly with the occipital 
region. Its posterior margin is thickened to form a continuous 
crescentic condylar mass as described by Gaupp (1900) for 
L a c e r t a. Peyer’s diagrams of the viper show the same struc¬ 
ture. Prom the postero-lateral angles of the basal plate the 
occipital arches extend upwards and meet dorsally to form the 
tectum posterius, the whole occipital region forming a rough 
pentagon around the foramen magnum. The greater part of 
the tectum is apparently formed from the occipital region 
as described by Gaupp (1906, Tropidonotus), and Peyer 
(1912, Vipera aspis), but at its anterior end the otic 
capsules fuse with it, and may possibly contribute to its forma¬ 
tion. The occipital arches are separated from the otic capsules 
by a posterior extension of the fissura metotica. 

The foramina, through which the hypoglossal nerves pass, lie 
in the posterior lateral region of the basal plate. In all the 
specimens observed there are three foramina on each side, the 
most posterior lying in the occipital region. Peyer reports only 
two pairs of foramina in the viper. Parker (1898) says there is 
only one pair in Tropidonotus, but Gaupp (1900) and 
Chiarugi (1889) both find four. In Stage I of Leptodeira 
a fourth pair of foramina are present, but no nerve-roots pass 
through, and in the later stages they are lacking. The number 
of nerve-roots sometimes exceeds the number of foramina. 

The vena cerebralis posterior, as in Lacerta (Versluys, 
1896, and Gaupp, 1900), passes out of the cranial cavity 
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between the occipital arch and the atlas, that is, through the 
foramen magnum, not through the fissura metotica as in 
mammals. 

Otic Begion. 

The otic region of the skull consists primarily of paired lateral 
auditory capsules connected ventrally by the anterior portion 
of the basal plate, and dorsally by the tectum posterius. But, 
as already pointed out, the tectum is formed almost entirely 
from the occipital region. In the region of the basal plate the 
auditory and occipital regions are confluent. An extensive 
fissure, the fissura metotiea, separates the posterior part of the 
otic capsule from the basal plate. Posteriorly, the fissure bends 
upwards at right angles and extends between the otic capsule 
and the exoccipital region. Anteriorly, capsule and basal plate 
are fused through the basicapsular commissure. Immediately 
in front of the commissure is the foramen for the facial or 
seventh nerve, and a very slender bridge of cartilage, the pre¬ 
facial commissure, separates the foramen from the antotic 
incisure. Quite frequently the prefacial commissure is lacking, 
and the facial foramen iB without an anterior boundary. The 
facial foramen is situated in the angle between the anterior 
vestibular portion of the capsule and the cochlear prominence. 
The cochlear prominence is of the same proportions as in 
Lacerta, encroaching slightly on the basal plate. In front 
of the prefacial commissure, the anterior margin of the otic 
capsule with the lateral margin of the basal plate forms the hind 
border of the wide incisura antotica. But this will be discussed 
under the orbito-temporal region. 

In Stage I, the modelled stage, of Leptodeira hotamboia 
the external relief of the auditory capsule is already fairly well 
defined. On the lateral wall the three semicircular canals with 
their ampullae are recognizable as slight prominences. The 
anteriorsemioircularcanalisthe most prominent, being separated 
from the rest of the capsule by definite grooves and forming 
the dorsal margin of the capsule. On. the medial wall the 
utricular prominence is well defined and the anterior and pos- 
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terior semicircular canals are again recognizable. There is no 
suggestion of a crista parotica on the lateral wall of the capsule. 

The interior of the capsule is very similar to the condition 
described by Peyer (1912) for Yipera aspis, an account 
based on Rathke’s (1839) description of Coluber natrix. 
There is a large vestibular cavity containing the utriculus and 
its recessus, the sacculus, and the endolymphatic duct. A ventral 
cavity is partly divided off from the vestibular cavity by a 
cartilaginous septum, the crista vestibuli, but there is a wide- 
open connexion between the two. The ventral cavity contains 
the cochlea. The lateral semicircular canal is separated from 
the general vestibular cavity for a short distance by a carti¬ 
laginous septum. The anterior semicircular canal lies in a cavity 
almost completely separated from the vestibular cavity by a 
strong septum. There is no septum between the anterior and 
lateral ampullae. Posteriorly, a ventral cavity is separated from 
the vestibular cavity and contains the posterior ampulla and 
the adjoining portion of the lateral canal. 

The anterior and posterior acustic foramina for the branches 
of the eighth, or auditory nerve, open on the median surface of 
the capsule. „ The anterior opening is situated on the medio- 
ventral aspect of the anterior portion of the cavum vestibuli, 
close above its separation from the cochlear prominence. The 
posterior opening is in the dorso-median wall of the cochlear 
prominence; its projecting lower lip causes the opening to face 
dorsally. The two foramina are completely separate even in 
Stage I. 

The endolymphatic foramen is a small round opening, just 
large enough to allow the passage of the duct; it is situated 
some distance dorsally and posteriorly from the acustic foramina 
in the median wall of the utricular prominence. At this stage 
there is no indication of a previous confluence with the acustic 
foramina. 

In the dorso-posterior aspect of the capsule there is an exten¬ 
sive gap in the wall of the prominence of the posterior semi¬ 
circular canal. It persists without change of size up to Stage IV. 
In Stage Y the ossified capsule shows no foramen. The aperture 
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in the cartilaginous capsule gives access to no nerve, blood¬ 
vessel, or duct, and is evidently merely an area of retarded 
chondrification. 

The fenestra vestibuli in the lateral wall of the cochlear 
prominence is oval. The foot-plate of the columella auris almost 
fills it, and in early stages is indistinctly separated from the 
wall. In later stages the fenestra vestibuli is much larger than 
the foot-plate, which does not nearly fill it. 

The fissura metotica has already been mentioned. It extends 
from the posterior edge of the basicapsular commissure back¬ 
wards as a separating fissure between the basal plate and the 
otic capsule. At the posterior margin of the capsule, the fissure 
bends sharply upwards and its dorsal extension separates the 
otic capsule from the occipital arches. This posterior portion 
is very narrow and is more or less filled with tissue which in the 
adult is replaced by bone without deposition of cartilage. The 
anterior end of the fissura metotica widens out considerably 
and forms a distinct, though small, anterior division, known as 
the recessus scalae tympani (Gaupp, 1900). Medially, it is 
separated off from the rest of the fissure by a narrow down¬ 
ward projection of cartilage from the wall of the. otic capsule. 
The projection comes in very close contact with the margin of 
the basal plate without actually fusing. Behind the projection the 
posterior division of the fissura metotica is known as the jugular 
foramen (Gaupp, 1900). It allows for the passage of the vagus 
nerve but no jugular vein passes through it. The posterior 
cerebral vein passes out from the cranial cavity between the 
basal plate and the atlas, and is joined by the vena cava lateralis 
to form the jugular vein. But Gaupp (1900) has pointed out 
that the jugular foramen rightly deserves that name in reptiles, 
because in very early stages a vessel, corresponding to the inter¬ 
nal jugular vein of mammals, is present. It passes out from the 
cranial cavity through the jugular foramen to join the vena 
cava lateralis; later it atrophies, and is replaced by the posterior 
cerebral vein of the adult. In the earliest of my stages of 
Leptodeirathe posterior cerebral is already well established, 
and there is no internal jugular vein. 
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According to Gaupp (1900), the usual course for the glosso- 
pharyngeus nerve is through the recessus scalae tympani in 
reptiles, not through the jugular foramen as in mammals. In 
Leptodeira hotamboia it penetrates the cartilage of the 
basal plate immediately below the median aperture of the 
recessus scalae tympani. It does not actually enter the recessus 
but passes through a channel in the cartilage of the basal plate 
below it. Its exit to the exterior is in close proximity to the 
jugular foramen. This nerve merges into the vagus ganglion, 
from which a branch passes forward to the pharynx and tongue, 
and this leaves little doubt that it is the glossopharyngeus. 

But Peyer (1912) reports that the glossopharyngeus nerve in 
Vipera aspis actually passes through the posterior part of 
the fissura metotica, the jugular foramen. He also describes 
an 4 undetermined 9 nerve which passes through the apertura 
medialis of the recessus scalae tympani, into the cochlear 
capsule, and out through the apertura lateralis. Bice (1920) 
suggests that the 4 undetermined 9 nerve is the true glosso¬ 
pharyngeus and that Peyer has mistaken a branch of the vagus 
for the glossopharyngeus. Moller (1905) reports an intra- 
capsular course for the glossopharyngeus in Vipera aspis. 
According to Bice's summary (p. 152) an extracapsular course 
is much more general, the turtles being the only reptiles which 
regularly show an intracapsular course. I can find no nerve in 
Leptodeira corresponding to Peyer’s 4 undetermined 9 nerve 
or Moller’s glossopharyngeus. The course is the normal reptilian 
one, through the recessus scalae tympani, the only variation 
being that the margin of the basal plate has surrounded it. 
It is conceivable that in Vipera aspis the nerve has been 
surrounded by the capsular wall instead of by the basal plate, 
thus bringing about an intracapsular position. 

The recessus scalae tympani is situated immediately behind 
the cochlear prominence. An aperture in the posterior floor of 
the cochlear capsule faces into the recessus. It is the fenestra 
cochleae and is situated directly, below the fenestra vestibuli, 
a narrow strip of cartilage separating the two openings. 

In transverse section (fig. 21, PI. 13) the recessus scalae 
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tympani appears triangular, the three points of the triangle being 
the lateral and medial walls of the auditory capsule and the edge 
of the basal plate. There is a median aperture from the recessus 
to the cranial cavity, and a lateral aperture to the exterior, 
corresponding exactly to Gaupp’s figure (1900) of Lacerta. 
The recessus scalae tympani, then, forms a series of three com¬ 
municating spaces: 

(1) from the otic cavity to the exterior, through the fenestra 
cochleae and lateral aperture ; 

(2) from the otic cavity to the cranial cavity, through the 
fenestra cochleae and medial aperture; 

(8) from the cranial cavity to the exterior, through the medial 
and lateral apertures. 

In early stages the recessus scalae tympani is filled with 
a loose embryonic tissue in which are irregular gaps; these 
later coalesce to form the perilymphatic sack. The perilympha¬ 
tic duct of the labyrinth cavity leads out through the fenestra 
cochleae into the recessus scalae tympani, where it expands into 
the' perilymphatic sack. It then passes through the medial 
aperture of the recessus and communicates with the sub¬ 
arachnoidal lymph-spaces of the cranial cavity. In later stages 
this communication is lost. The perilymphatic sack entirely 
fills the recessus, and presses outwards through the lateral 
aperture against the rudimentary tympanic cavity. The 
bounding wall of the perilymphatic sack, where it fills the lateral 
aperture, with the bounding wall of the tympanic cavity to¬ 
gether represent the membrana tympani secundaria of Lacerta 
(Gaupp, 1900), which closes the aperture lateralis of the recessus 
scalae tympani. But inLeptodeirait scarcely deserves that 
name. The bounding wall of the rudimentary tympanic cavity 
is not very strong and it does not combine with the wall of the 
perilymphatic sack and intermediate tissue to form the stout 
membrane of Lacerta. 

The relationship between the fenestra cochleae of reptiles and 
the fenestra cochleae or rotunda of mammals is an interesting 
problem. Gaupp, in 1900, disagreeing with the earlier work of 
Yersluys (1899), put forward the conjecture that the apertures 
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in mammal and reptiles were homologous. Admittedly, there 
are differences in the condition of Lacerta and man. In the 
latter the opening faces laterally, in the lizard ventrally. In 
man it faces towards the tympanic cavity with the membrana 
tympani secundaria stretched across it; while in the lizard the 
opening is from the otic cavity into the recessus scalae tympani, 
and has no membrane stretched across it, the membrana tympani 
secundaria being stretched across the apertura lateralis of the 
recessus. In man the perilymphatic spaces are entirely within the 
otic cavity; but in the lizard the perilymphatic sack protrudes 
through the fenestra cochleae into the recessus scalae tympani. 

Gaupp supposes that the mammalian condition is brought 
about by the division of the primary fenestra cochleae of 
the reptile, or foramen perilymphaticum as he terms it, into 
the definitive foramen rotundum and cochlear aqueduct of the 
mammal. 

He says : ‘ In Bezug auf die Lacertilier kann aber wohl als 
sicher gelten, dass das in der Ohrkapsel befindliche, in den 
Recessus scalae tympani fuhrende grosse Foramen, aus dem der 
Saccus perilymphaticus heraustritt, ganz oder doch in der 
Hauptsache der Fenestra cochleae s. rotunda der Sauger 
entspricht, und es ist nur eine Binschrankung, die moglicher- 
weise notwendig sein wird, namlich die, dass sich vielleicht von 
ihm auch die als aquaeductus cochleae bezeichnete Offhung 
ableitet ’ (1900, p. 515). 

In accordance with this theory he believes that the membrana 
tympani secundaria of the mammal is only physiologically, not 
morphologically, homologous with the membrane of the same 
name in the lizard. It lies across quite a different aperture, and 
has an entirely capsular rim instead of being stretched from 
capsule wall to basal plate. 

Gaupp (1902) demonstrated a primitive reptilian condition 
in Echidna, and believed that further investigation of mam¬ 
malian skull ontogeny would show the division of the primary 
foramen perilymphaticum into fenestra rotunda and cochlear 
aqueduct. E. Fischer (1908) demonstrated in an embryo 
Semnopithecus a dividing process springing from the 
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anterior margin of the foramen perilymphaticum. Voit (1909) 
for the rabbit, Olmstead (1911) for the dog, Macklin (1914) and 
Kernan (1916) for the human embryo, and Terry (1917) for the 
cat, all demonstrate intermediate conditions in the division of 
the primary foramen perilymphaticum. Yoit names the process 
the ‘ processus intraperilymphaticus 

I have been enabled to examine sections of a cat embryo 
which are very similar to those illustrated by Terry (1917), and 
also sections of a mouse embryo, a ferret, and a hedgehog, and 
I do not agree with Gaupp’s interpretation. 

I believe that the fenestra rotunda of the mammal corresponds 
not to a portion of the primary fenestra cochleae, or foramen 
perilymphaticum, but, more or less closely, to the apertura 
lateralis of the recessus scalae tympani in reptiles. 

Text-fig. 1 A and B give a diagrammatic comparison of the 
condition in the reptile and mammal. They represent transverse 
sections through the region of the fenestra cochleae and fenestra 
rotunda. In A (reptile) the perilymphatic sack is seen protrud¬ 
ing from the labyrinth cavity, through the fenestra cochleae, 
into the recessus scalae tympani. The bounding wall of the sack 
makes a circular sweep from the rim of the fenestra cochleae; 
stretching down to the margin of the basal plate, it forms a 
membrane round the whole recessus scalae tympani which 
closes both lateral and medial apertures of the recessus. Its 
lateral extent from the margin of the fenestra cochleae to the 
basal plate comes in contact with the wall of the tympanic cavity 
and these two membranes, with the intermediate tissue, form 
a stout membrani tympani secundaria 

In B (mammal) the perilymphatic sack lies within the coch¬ 
lear capsule. It protrudes slightly through a lateral aperture 
in the wall of the cochlear capsule, the fenestra rotunda, 
pressing against the wall of the tympanic cavity and forming 
with it the membrana tympani secundaria. The membrane is 
stretched from capsular wall to capsular wall, not from capsular 
wall to basal plate as in the reptile (A). 

Nevertheless, I consider that the fenestra rotunda in B corre¬ 
sponds to the apertura lateralis in A, the membrana tympani 
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secondaria in both being homologous. I believe that the portion 
of the cochlear capsule enclosing the perilymphatic sack repre¬ 
sents the recessus scalae tympani of the reptile which has 
become included within the capsule. 

In a model of an embryo cat, lent by Mr. de Beer, of which 
Text-fig. 2 B (see next page) is a diagrammatic partial repre¬ 
sentation, the fenestra rotunda faces laterally, and the plane 



of the membrana tympani secundaria is lateral. The primary 
foramen perilymphaticum faces caudally; its lateral margin 
is in the plane of the apertura lateralis and membrana tympani 
secundaria, but its medial margin is situated in a more internal 
plane, and its aperture opens into a reduced intracapsular 
recessus scalae tympani. The rudimentary processus intra- 
perilymphaticus, it is true, suggests a division of the foramen 
perilymphaticum into fenestra rotunda and cochlear aqueduct, 
as Gaupp surmised, but only in the same sense that the margin 
of the basal plate in the reptile separates the apertura lateralis 
from the apertura medialis. In those mammals, the dog (Voit) 
and Semnopithecus (E. Fischer), in which the processus 
intraperilymphaticus is completed, it must close off the fenestra 
rotunda from the jugular foramen (Text-fig. 2 C, and Text-fig. 8), 
forming a posterior support to the membrana tympani secun¬ 
daria. In this sense, that is, in function, it corresponds to the 
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Test-fig. 2. 


separating bar between the recessus sealae tympani and jugular 
foramen of the reptile, but the two structures cannot be regarded 
as morphologically similar. 
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This transformation from the reptilian to the mammalian 
condition can readily be understood if we suppose that the very 
much enlarged cochlear duct of the mammal causes the enlarging 
cochlear capsule to encroach backwards at the expense of the 
basal plate. Text-figs. 2 A, B, and 0 represent such a trans¬ 
formation. In A (reptile) the fenestra cochleae faces into the 
recessus sealae tympani. The arrows indicate the three com¬ 
municating passages of the recessus (1) from the otic capsule 
to the exterior, (2) from the otic cavity to the cranial cavity, and 
(8) from the cranial cavity to the exterior. 

Thearea surrounded by the dotted line represents themembrana 
tympani secundaria. 

The ventral posterior region of the cochlear capsule expands 
in a posterior direction carrying with it the ventral end of the 
fenestra cochleae, or foramen perilymphaticum, which is drawn 
into a semicircular shape (Text-fig. 2 B). 

In C the posterior enlargement of the cochlear capsule comes 
almost in contact with the wall of the vestibular cavity. The 
margin of the basal plate has been pressed back and the recessus 
sealae tympani is surrounded by capsule and becomes largely 
included within the labyrinth cavity. A projection of cartilage, 
the processus intraperilymphaticus, divides the fenestra ro¬ 
tunda from the jugular foramen and the membrana tympani 
secundaria is stretched across the lateral aperture. The foramen 
perilymphaticum, facing caudally, would be the homologue of 
the fenestra cochleae of the reptile. 

Text-fig. 8 is an enlargement of Text-fig. 2 C, to show the 
relations of the fenestra perilymphaticum, fenestra rotunda, and 
processus intraperilymphaticus. The dotted lines a-a and 
b-b show the planes through which the sectional diagrams, 
Text-fig. 1 B, and Text-fig. 4, are taken. Text-fig. 1 B, as 
already described, is a transverse section through the region of 
the foramen perilymphaticum. Text-fig. 4 is taken in a more 
horizontal plane and passes through the processus perilymphati¬ 
cum. Text-fig. 4 corresponds very closely with Terry’s (1917) 
figure of the eat and also with Fischer’s (1908) figure of S emno- 
pithecus. 
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Although the cochlear aqueduct of the mammal is separated 
from the fenestra rotunda by the processus intraperilympha- 
ticus, it is not separated from the jugular foramen, as shown 
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Text-fig. 3. 



in C. The separating bar between the recessus scalae tympani 
and jugular foramen of the reptile may have been lost. More 
probably the backward expansion of the cochlear capsule has 
obliterated the original anterior division of the fissura metotica, 
and the mammalian cochlear aqueduct represents the anterior 
limit of the original jugular foramen. Whichever be the 
explanation, it makes little difference to the present argument. 
The recessus scalae tympani of the reptile, I take it, is that part 
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of the fissura metotica -which is occupied by the perilymphatic 
sack. If the enlargement of the cochlear capsule in the mammal 
does carry it some distance caudally along the original extent 
of the fissure, it still represents the recessus scalae tympani. 
Through its lateral aperture the bounding wall of the peri¬ 
lymphatic sack still comes in contact with the tympanic cavity- 
wall to form the membrana tympani secundaria. 

"With reference to this membrane Rice (1920) makes a similar 
statement: ‘ I believe that the lateral part of the membrane 
filling the fenestra cochleae of stage 6 of Eumeces (corre¬ 
sponding to the filling of the lateral aperture of the recessus 
scalae tympani in Lacerta and stage 5 of Eumeces) may 
be safely homologised with the secondary tympanic membrane 
of the mammal, while the median portion (corresponding to the 
filling of the median aperture) occupies the position of the 
aqueductus cochleae of the mammal ’ (p. 152). 

I have taken the description of the typical reptile from 
Gaupp’s description of Lacerta (1900). At this point it 
would be well to consider how closely the other reptilian classes 
conform to this typical condition. It has already been shown 
that Leptodeira conforms very closely. Croeodilus at 
first sight appears rather different. The fenestra cochleae faces 
laterally instead of ventrally. The margin of the basal plate 
has grown up dorsolaterally in a processus basicapsularis which 
partially covers the aperture (Shiino, 1914). A stout membrana 
tympani secundaria is stretched from the upper edge of the 
fenestra cochleae to the edge of the processus basicapsularis; 
that is, from capsular wall to basal plate. In this Croeodilus 
is essentially reptilian ; the aperture closed by the membrane 
is similar to the apertura lateralis of Lacerta, and the 
fenestra cochleae is an opening into the recessus scalae tympani. 

Chrysemys marginata shows an interesting variation 
from the typical condition. The cochlea is larger than in 
Lacerta and has encroached backwards slightly at the ex¬ 
pense of the basal plate. In this way the fenestra cochleae has 
assumed a vertical position, facing posteriorly, or caudally, into 
the recessus scalae tympani, and the floor of the recessus is 
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partly capsular. It would appear that the condition in the 
turtle is intermediate between the typical reptilian and mam¬ 
malian conditions. 

To summarize this discussion, I consider that the fenestra 
cochleae of the reptile, through which the perilymphatic duct 
makes its exit from the labyrinth cavity, does not correspond 
to the fenestra rotunda of the mammal. The fenestra rotunda 
corresponds to the apertura lateralis of reptiles. The membrana 
tympani secundaria corresponds morphologically as well as 
functionally with that of the mammal. The fact that the 
membrane stretches from capsule to capsule in the mammal, 
while in the reptile it is from basal plate to capsule, may be 
accounted for by the backward encroachment of the enlarging 
cochlear capsule at the expense of the basal plate. 

These conclusions are somewhat similar to those of Versluys 
(1899). 

He says: * In ihrer Function und der Hauptsache nach auch 
in der Lage am Schadel entspricht diese Membran demnach 
der Membrana tympani secundaria der Mammalia, das Foramen 
jugulare aber der Fenestra rotunda ’ (p. 858). 

Versluys’s investigations were' on the fenestra rotunda of the 
bird, and he compares the condition in bird and reptile. The 
goose he finds differs very little from the reptile, but for the 
fowl he describes a condition very similar to that I have 
described for the typical mammal. 

‘ Der Recessus scalae tympani des Huhns is demnach ein 
abgetrenntes Stuck des Jugularis-Canals, die Fenestra rotunda 
ein Theil des Foramen jugulare externum. Dagegen entspricht 
der Recessus Bcalae tympani der Lacertilia dem ganzen 
Jugularis-Canal, sein ausseres hoch vollstandig dem Foramen 
jugulare externum. . . . Es (Fenestra rotunda des Huhns) ist 
jedoch bestimmt nieht das Loch, durch das der Ductus peri- 
' lymphaticus aus der Labyrinthhohle in den Recessus tritt ’ 
(p. 856). 

Versluys’s jugular canal corresponds to the recessus scalae 
tympani of Gaupp’s terminology. Versluys believed that in the 
primary reptilian condition the jugular vein passed through the 
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anterior division of the fissura metotioa, the same section which 
contained the perilymphatic sack. He called this section the 
jugular canal, and its lateral aperture foramen jugulare exter¬ 
num, Gaupp’s apertura lateralis of the recessus scalae tympani. 

Thus Versluys’s conclusions on the relation between fowl and 
reptile are that the fenestra rotunda of the fowl does not corre¬ 
spond to the fenestra cochleae of the reptile but to a portion of 
the apertura lateralis of the recessus scalae tympani. 

The Columella Auris. 

The columella auris is a slender rod of cartilage ; its oval foot¬ 
plate is inserted in the fenestra vestibuli of the cochlear capsule. 
The shaft extends outwards and slightly downwards from the 
side of the otic capsule. Its distal end bends sharply from the 
axis of the proximal end, and continues in a posterior and ven¬ 
tral direction. It comes in close contact with the posterior 
median surface of the quadrate, but may be distinguished by 
its procartilaginous condition when the quadrate is already well- 
defined cartilage. At a later stage a small nodule of cartilage 
differentiates from the distal end of the uniform procartila¬ 
ginous rod and fuses with a projection from the quadrate. This 
is undoubtedly Parker’s stylohyale (1878). In the adult there 
is an articulating joint between the end of the columella and the 
stylohyale. 

With the absence of a tympanic membrane no insertion plate 
is present, and no recognizable extracolumella. But there is 
a wide divergence of opinion in the literature on the ophidian 
columella auris as to the nature of its component parts. Gadow 
regarded Parker’s stylohyale as the extracolumella. Eice (1920) 
makes the tentative suggestion that it is in the nature of a con¬ 
nexion from the processus accessorius anterior of the insertion 
plate, similar to that described by Fuchs (1909) for La cert a; 
this would be to regard the distal end of the columella rod as 
extracolumella. Okajima (1915) found that the extracolumella 
was entirely lacking, ontogenetically and morphologically, in 
Trigonocephalus. He states that the stylohyale is essen¬ 
tially a process of the quadrate, having nothing to do primarily 

NO. 290 x 
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with the columella auris. But from my observations on 
Leptodeira hotamboia and on a very young night-adder 
embryo, I am inclined to agree with Moller (1905, on Yip era 
asp is) and conclude that the nodule originates from the 
columella auris and secondarily fuses with a projection of the 
quadrate. Peyer (1912) agrees that the stylohyale in Yip era 
as pis is a part of the columella auris in origin, and possibly an 
extracolumella. 

The relations of the nerves and blood-vessels to the distal bent 
end of the columella in Leptodeira hotamboia have an 
important bearing upon the problem of the extracolumella. 
The vena capitis lateralis passes forward over the shaft of 
the columella auris and lies between the bent distal end and the 
wall of the otic capsule. The orbital artery is given off from the 
internal carotid artery some distance anterior to the columella. 
This is an interesting variation from the usual course in Reptilia, 
which is up and over the shaft from an origin posterior to the 
columella. But another unusual course is found in Spheno- 
don (Versluys, 1908, and Wyeth, 1924), where the orbital 
artery passes beneath the columella, and in Hemidactylus 
and other Geckones (Yersluys, 1908) the orbital artery pierces 
the shaft, as it does in Gymnophiona and also in the 
mammals. 

The hyomandibular branch of the facial nerve passes back 
over the shaft of the columella, then bends outwards and down¬ 
wards below the bent distal end. The chorda tympani is given 
off below and posterior to the columella extremity, and runs 
forwards and downwards to the median side of Meckel’s carti¬ 
lage.. Text-fig. 5 shows the relation of the nerves and blood¬ 
vessels to the columella. 

It is a well-established fact that the course of the chorda 
tympani in all amniotes is exceedingly uniform, and is an im¬ 
portant factor in determining the homologies of the various 
parts of the ear bones. The hyomandibular branch of the facial 
always passes backwards over the shaft of the columella medial 
to the dorsal and internal processes. The chorda tympani is 
given off posterior to the columella, loops round the dorsal 
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process and passes back over the insertion plate of the extra¬ 
columella (see text-fig. 2, Goodrich, 1916). 

Since in Leptodeira hotamboia the chorda tympani 
passes under the distal bent end of the columella, it cannot be 
an extracolumella, and therefore should not be called a stylo- 
hyale. 

A further fact weighing against the recognition of an extra¬ 



columella is the complete ossification of the whole columella 
structure in Leptodeira. It is generally accepted that the 
medial part of the columella, the otostapes, ossifies, but the 
distal portion, the extracolumella or hyostapes, remains carti¬ 
laginous. Okajima found that the lateral third in Trigono- 
cephalus, the part he regards as of quadrate origin, remained 
cartilaginous, but Moller and Peyer both found that the whole 
structure ossified in Vipera aspis, though Peyer says the 
stylohyale ossifies much later than the rest. 

Goodrich (1916) pointed out that the recesses of the tympanic 
diverticulum bear a constant relation to the eolumellar elements. 
The tympanic diverticulum of Lacerta has three dorsal 
recesses : (1) an anterior median which bends from in front over 
the columella shaft and is median to the dorsal and internal 
processes; (2) an anterior lateral; and (3) a posterior lateral. 
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These last two are lateral to the dorsal and internal processes ; 
they are respectively anterior and posterior to the extracolu- 
mella shaft, and meet above it, thus encircling the shaft of the 
extracolumella in a ring-like diverticulum. 

In all snakes the tympanic cavity is imperfectly developed 
and no tympanic membrane is formed. In all the stages of 
Leptodeira an ill-defined tympanic diverticulum is present, 
which extends up round the columella auris. Even the first 
stage, however, is too old to show the diverticulum recesses 
which might help in the identification of the distal process 
(fig. 21, PI. 18). 

It seems fairly evident, however, that the backwardly bent 
distal end of the columella corresponds either to a processus 
dorsalis or a processus intemus. It lies in the loop of the chorda 
tympani and hyomandibular nerve and it is lateral to the vena 
capitis lateralis. If it be regarded as homologous with the dorsal 
process of Lacerta, then the nodule, Parker’s stylohyale, 
would represent the intercalate. It is conceivable that, with 
the backward migration of the quadrate to facilitate the wide 
gape and with the absence of a processus paroticus, the inter¬ 
calate loses its connexion with the otic capsule. This is paralleled 
in crocodiles where the dorsal process is not connected with the 
otic capsule, but fuses with the quadrate in the region of the otic 
process. Unlike crocodiles, the nodule of Leptodeira fuses 
with the mid-region of the quadrate, not with its most dorsal 
margin, where one might expect to find the otic process. This 
might be accounted for by the elongation and backward rotation 
of the quadrate. In contrast to Lacerta, this intercalare 
would be in connexion with the columella auris through the 
persistent dorsal process, but this is also the case in crocodiles 
(Goldby, 1925) and in Sphenodon (Versluys, 1908, and 
Wyeth, 1924). 

If the process be regarded as homologous with the processus 
intemus of Lacerta, there is no possible explanation of 
Parker’s stylohyale. The relations of the nerves and blood¬ 
vessels and tympanic diverticula would be the same to the 
internal process as to the dorsal process, if the internal process 
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attached to the quadrate were swung over with the backward 
migration of the quadrate. The internal process in Reptilia is 
of much less general occurrence than the dorsal process, and in 
Lacerta appears much later in development. The dorsal 
process is possibly the more primitive structure, and I incline 
to homologize the distal bent end of the columella in the snake 
and its stylohyale with the dorsal process and intercalare of 
other reptiles. 

Orbito-temporal Region. 

The condition of the orbito-temporal region in snakes gener¬ 
ally is very uniform. The cartilaginous skeleton is to a large 
extent lacking. The trabeculae of the basis cranii in L e p t o - 
deira surround the fenestra hypophyseos. They meet in front 
and extend forward a long way parallel to one another without 
fusing. There is no trace of an interorbital septum, either carti¬ 
laginous or membranous. Peyer (1912) mentions that an inter¬ 
orbital septum is present in Tropidonotus as thickened 
tissue, but does not detect any trace of it in the viper. 

The cartilaginous side-wall in the anterior orbital region is 
entirely lacking. I find no trace of the orbito-sphenoid cartilage 
described by Parker (1898) for Tropidonotus. Peyer fails 
to find an orbito-sphenoid cartilage in the viper, and disagrees 
with Parker’s account of Tropidonotus. The side-wall is 
replaced entirely by membrane which in later stages is invaded 
by descending processes of the parietals and frontals. 

In the temporal region, also, the side-wall is lacking. A. 
prefacial commissure may be present or the facial foramen may 
be confluent with the trigeminal incisure. There are no pilae 
antoticae or taenia marginales and the trigeminal nerve passes 
out through a widely open trigeminal incisure. In the lateral 
margin of the basal plate, ventral to the trigeminal incisure, and 
posterior to the crista sellaris, is an extensive gap in the cartilage 
of the plate. It is closed by membrane, and no nerves or blood¬ 
vessels pass through it. Gaupp (1902) describes a s imilar gap 
in the lateral margin of the basal plate in Tropidonotus, 
and de Beer (1926) figures the same for Pseudechis. Its 
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significance is unknown; it is apparently just a part of the 
general reduction of the cartilaginous wall of the snake-skull. 
As in the anterior region, the lack of cartilaginous wall is com¬ 
pensated by the development of a thickened tissue membrane. 

From the margin of the basal plate in the region of the gap 
described above, a short blunt process projects outwards and 
slightly upwards. It projects into the thickened tissue which 
extends upwards to the lateral wall of the otic capsule. In this 
way the trigeminal ganglion is enclosed with the head vein in 
a cavity which is bounded mesially by the dura mater and 
laterally by membrane stretching from the lateral process of 
the basal plate, or trabecular plate it may be called in this 
region, to the lateral wall of the otic capsule. 

In Stage IV of Leptodeira, shown in fig. 10, PI. 18, a 
splinter of bone extends upwards from the edge of the carti¬ 
laginous projection of the trabecular plate into this membrane. 
(I hope to show that the cartilaginous process is a basitrabecular 
process (Goodrich) or basipterygoid process (according to 
previous usage); for convenience, therefore, I shall call it a 
basitrabecular process.) 

Fig. 11, PI. 13, shows the margin of the trabecular plate, 
posterior to the basitrabecular process, extending upwards in 
close contact with the dura mater and medial to the membrane 
and its bony column. A few sections further back it is con¬ 
tinuous with the prefacial commissure. The membrane in the 
region of the trigeminal incisure is, therefore, though continuous 
with the membrane of the orbital region, definitely lateral to the 
line of the original skull-wall as shown by the prefacial com¬ 
missure and trabecular plate margin. In Stage IV there is a 
noticeable gap between the bone of the descending process of 
the parietal and the bony column on the basitrabecular process. 

In Stage V (fig. 15, PI. 18), a month later, the whole membrane 
has ossified. It extends to the wall of the otic capsule, over¬ 
lapping the pro-otic bone, and covering the facial foramen. Its 
anterior edge is in contact with the descending process of the 
parietal. It is lateral to and covers the profundus nerve and 
trigeminal ganglion. The maxillary and mandibular branches 
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of the trigeminal both pass out through the bone, each having 
a separate foramen. 

Gaupp (1902) described a similar bone, separating the maxil¬ 
lary and mandibular branches of the trigeminal nerve, in an 
adult Tropidonotus and adult Dipsadomorphus, and 
Hallman (1887) found it in the adult Python. For convenience 
I shall refer to the bone as Gaupp’s bone. 



Peyer (1912) mentions a bone in this region, but regards it 
as an extension of the pro-otic bone. This will be discussed later. 

Text-fig. 6 gives the relations of the chief nerves and blood¬ 
vessels to the basitrabecular process and to Gaupp’s bone in its 
early stages (Stage IV of Leptodeira hotamboia). The 
mandibular and maxillary branches of the trigeminal nerve pass 
out over the margin of the trabecular plate posterior to the 
basitrabecular process. They pierce through the membrane 
which bounds the incisura antotica laterally. The profundus 
branch does not pass out through the incisura antotica. It is hot 
included in the trigeminal ganglion, and does not even pierce 
the dura mater immediately, but runs forward for a short dis- 
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tance actually within the cranial cavity. Its position is median 
to the basitrabecular plate and Gaupp’s bone. "When it pene¬ 
trates the dura mater it comes to lie in a space between the dura 
mater and the descending process of the parietal. It swells out 
into an ophthalmic ganglion. 

The vena capitis lateralis passes forward over the shaft of 
the columella auris and continues forward lateral to Gaupp’s 
bone. It gives off a branch which passes through the membrane 
of the trigeminal incisure into the space between it and the dura 
mater where it joins the vena capitis medialis. The vena capitis 
medialis passes forward in company with the profundus in the 
space between the dura mater and the parietal descending pro¬ 
cess. It gives off a small pituitary branch, anterior to the crista 
sellaris which joins its fellow of the other side. In Stage Y the 
vena capitis medialis has disappeared. The course of the vena 
capitis lateralis is entirely outside the skull-wall, figs. 12 and 18, 
PL 13. 

The internal carotid artery has the usual course lateral to the 
side-wall of the skull. It passes under the basitrabecular pro¬ 
cess, and enters the cranial cavity from a ventral direction, 
through a notch in the posterolateral angle of the fenestra 
hypophyseos, not through a separate foramen. As already men¬ 
tioned, the orbital artery has its origin unusually far forward, 
that is, in front of the columella auris. It passes forward lateral 
to Gaupp’s bone. 

The facial nerve emerges through the facial foramen, or, 
when a prefacial commissure is lacking, through the same inci¬ 
sure as the trigeminal nerve. Its posterior branch, the hyo- 
mandibular, has already been described in connexion with the 
columella auris. The palatine branch runs down and forwards 
beneath the basitrabecular process. It accompanies the internal 
carotid artery in its course outside the skull-wall. It lies 
immediately dorsal to it and within a groove in the ventral 
surface of the basal plate. In Stage V the parasphenoid bone 
has covered them and forms the outer wall of a parabasal canal 
enclosing the nerve and artery. 

The abducens nerve originates immediately below the trige- 
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minal. It has a special canal excavated in the dorsal surface 
of the basal plate lateral to the crista sellaris (fig. 13, PI. 13). 
The anterior opening of the canal is still •within the cranial 
cavity. The nerve bends upwards from the opening of the canal 
and enters the space between the dura mater and the descending 
process of the parietal. It passes forward lateral to the pro¬ 
fundus nerve, buried in the thickened tissue of the lateral wall of 
the space, and leaves the skull cavity round the anterior margin 
of the descending process of the parietal in company with the 
profundus. Gaupp (1902, Tropidonotus) and Peyer (1912) 
for the viper describe similar courses for the abducens nerve, 
but Gaupp regards the intracranial exit of the abducens canal 
as peculiar to snakes and as a result of the downgrowth of the 
parietal. Bice (1920), working on Eumeces and Lacerta, 
concludes that it is typical of reptiles. In Eumeces the 
abducens canal has its anterior opening in the cartilage of the 
basal plate within the cranial cavity, and the nerve has its exit 
through the foramen metopticum. This is very closely in line 
with the condition described for Leptodeira; the exit 
through the foramen metopticum in the lacertilian would corre-. 
spond to the entrance of the nerve in the snake into the inter¬ 
mediate space bounded by the parietal descending process. The 
presence of this bony descending process necessitates that the 
final exit of the abducens nerve be through the foramen orbitale 
magnum (Gaupp, 1902). The trochlear and oculomotor nerves 
also pass forward in this intermediate space between dura mater 
and descending process and have their exit from the skull 
through the foramen orbitale magnum with the optic nerve and 
the abducens. 

Gaupp (1902) described this intermediate space between the 
dura mater and the descending process of the parietal in his 
account of Tropidonotus. He pointed out that in the lizard 
the profundus, the abducens, the trochlear, oculomotor, and 
optic nerves pass through various separate foramina in the side- 
wall of the cartilaginous cranium, while in the snake the 
descending process of the parietal is equivalent to an additional 
wall outside the original cranial wall. It encloses the five nerves 
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in a common passage. The opening between the parietal and 
frontal bones through which the three eye-muscle nerves and 
the optic nerve make their exit, he has named the foramen 
orbitale magnum, and it does not correspond to the optic fora¬ 
men in the lizard, which is an opening in the cartilaginous wall 
through which the optic nerve alone passes. 

In the snake the original cartilaginous cranial wall has com¬ 
pletely disappeared, leaving this intermediate space between 
the parietal and the dura mater. Gaupp regards the space as 
extracranial, something outside the original cranial wall, the 
perichondrium of which must have been in close contact with 
the dura mater on the medial side of the intermediate space. 
De Beer (1926) thinks that the space should rather be regarded 
as intramural, lying between the dura mater and the original 
cranial wall which must have been close inside the existing 
parietal wall. He points out that the dura mater is a long way 
internal to the trabeculae, the basal plate and the otic capsule 
which are in line with the dense mesenchyme foreshadowing the 
parietal downgrowth. The condition inLeptodeirahotam- 
b o i a confirms de Beer’s conclusion that the space is intramural 
and the result of inward shrinkage of the dura mater. In early 
stages this intermediate space is very extensive, penetrating 
between the brain and the otic capsule and also inside the 
trabeculae. In later stages it is reduced to a lateral space inside 
the descending process of the parietal, and in Stage V it is 
almost obliterated. 

However, as de Beer pointed out, whether the space be extra¬ 
cranial or intramural, Gaupp’s explanation of how the four eye- 
nerves come to have a common exit through the foramen orbitale 
magnum still holds good. 

The cartilaginous process of the trabecular plate, my basi- 
trabeeular process, and Gaupp’s bone associated with it have 
been the subject of much controversy in ophidian literature. 
Parker’s (1878) description of Tropidonotus and Bathke’s 
(1839) of Coluber both mention an alisphenoid cartilage in 
this region. Peyer (1912) says of this structure in the viper: 
‘ Das Alisphenoid entsteht in der Gegend der Inoisura prootica 
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des Primordialcraniums als Ersatzknochen mit Unterdriickung 
der knorpligen Praformation ’ (p. 607). 

At one stage he found a short strip of cartilage jutting forward 
from the edge of the incisura antotica which he regarded as a 
possible vestige of a previous cartilaginous wall, but the bone 
he believed to be merely an extension of the pro-otic bone. The 
observed facts are evidently similar to those I have found in 
Leptodeira. 

De Beer (1926) discusses the problem very fully. My observa¬ 
tions on Leptodeira confirm his on Pseudechis and 
Tropidonotus. He illustrates the cartilaginous process from 
the trabecular plate, and Tropidonotus has an ossified 
column in close contact with the cartilaginous process. It 
separates the maxillary and mandibular branches of the 
trigeminal from the profundus, as in Stage IV of Leptodeira. 
He points out that the structure cannot be a pila antotica be¬ 
cause it lies behind the profundus; it cannot be a pila lateralis 
as in A mi a, for it is situated median to the vena capitis 
lateralis. He considers that it cannot be a processus ascendens, 
because it does not arise from and has no relations with the 
pterygoquadrate. 

I do not consider this a serious objection. La the snake the 
quadrate is merely a rod of cartilage situated unusually far 
back. It has neither basal nor ascending process at any stage ; 
evidently the anterior portion of the palatoquadrate cartilage 
has been lost or separated. The cartilaginous process has the 
relations of a basitrabeoular process. It is a lateral projection 
of the trabecular plate immediately in front of the otic capsule. 
The palatine nerve emerges behind it and runs forward under its 
ventral surface. The vena capitis lateralis is dorsal to it. The 
bony column associated with it has the relations of an ascending 
process. It is lateral to the original cranial wall as shown by 
the prefacial commissure and basal plate and it is lateral to the 
vena capitis medialis. It must represent the outer wall of 
Gaupp’s cavum epiptericum (1910). The space between ( the 
dura mater which, is occupied by the vena capitis medialis and 
the trigeminal ganglion would be the cavum epiptericum. It is 
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situated in front of the maxillary and mandibular branches of 
the trigeminal which pass out behind it. It separates them from 
the profundus nerve which runs medially to it and passes out 
anterior to it. The bone in fully developed condition, as already 
described, has the relations of an epipterygoid, being external 
to the profundus and tending to grow back over the pro-otic and 
facial foramen. I cannot agree with Peyer that the bone is 
merely an extension of the pro-otic. It appears first in contact 
with the process of the trabecular plate, and there is a wide gap 
between it and the otic capsule which is overgrown in later 
development. 

The epipterygoid bone, being an ossification of the ascending 
process of the palatoquadrate, is a replacing bone, and this bone 
in the snake is apparently never performed in cartilage. It is, 
however, conceivable that the cartilaginous stage has been sup¬ 
pressed and that the bone is laid down in the dense mesenchyme 
which represents the cartilaginous stage. This bone is of a 
different character from the descending process of the parietal. 
The latter is an additional outside wall; nerves do not pierce 
it, but pass round its anterior border. But this small bone in 
the region of the incisura antotica is pierced by the maxillary 
and the mandibular just as the replacing bone would be. 

I see no serious objection to regarding this bone, Gaupp’s 
bone, Parker’s and Rathke’s alisphenoid, Peyer’s pro-otic exten¬ 
sion, and de Beer’s post-profundus laterosphenoid, as the homo- 
logue of the true reptilian epipterygoid. 

I do not think it can be looked upon as in the nature of a 
laterosphenoid. As already pointed out, observations on 
Leptodeira show it to be lateral to the original line of the 
cranial wall, on the outer wall of the cavum epipterieum. 

In reference to this problem a series of sections of a very 
young night-adder embryo, still in the procartilaginous and 
thickened mesenchyme stage, were very interesting. They 
showed'dense mesenchyme in a continuous strip lateral to the 
otic capsule, from the quadrate to the trabecular plate. It 
would suggest a single palatoquadrate structure. 
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Ethmoidal Region. 

The ethmoidal region, as in snakes generally, is incomplete 
and delicate. The exceptionally light framework is evidently 
correlated with the excessive mobility of the jaws. It consists of 
a pair of cone-shaped cartilaginous capsules fused with the 
anterior extremity of the nasal septum. The nasal septum is 
a continuation of the fused trabecular rods, from the axis of 
which it inclines strongly downwards. It is a strong triangular 
rod of well-developed cartilage at its transition region, but 
rapidly narrows into a low vertical plate. Both dorsal and 
ventral edges are free throughout the greater part of its length. 
Prom this point forward the septum decreases rapidly in height 
and terminates against the premaxillary bone. It has no crista 
septi for the support of the septomaxillary bone, as Bom (1888) 
reported for Tropidonotus. 

The nasal capsules protrude in front of the septum, diverging 
from one another, and terminate in dome-shaped structures 
which form the end of the snout. Each capsule may roughly 
be divided into two regions ; the posterior is rather broader than 
the anterior, from which it is sharply marked off by the anterior 
limit of the conchal infolding. The anterior half has an un¬ 
interrupted roof, but its medial wall is incomplete except for 
the very limited area of fusion with the nasal septum. The 
fenestrae superiores of Lacerta (Gaupp, 1900), Eumeces 
(Rice, 1920), Sphenodon (Sehauinsland, 1900, and Howes 
and Swinnerton, 1901) are absent, nor does Peyer (1912) figure 
them for Vi per a. In this the snakes are similar to the 
crocodiles and turtles. In Shiino’s figures (1914) of Croeo- 
dilus there are no fenestrae superiores, but the fenestrae 
narinae extend dorsally into the anterior tectum nasi. I have 
been able to confirm this for an embryo Crocodilus (90 mm. 
head-length). Kunkel (1911) describes a tectum nasi unin¬ 
terrupted by fenestrae superiores in Emys, and they are 
apparently absent in the Dermochelys, Chelone, and 
Ohelydra investigated by Nick. In a Chrysemys embryo 
of 20 mm. head-length I have examined there are no fenestrae 
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superiores, but the fenestrae olfaetoriae extend a very long way 
forward. 

Posteriorly, the tectum nasi of Leptodeira is incomplete, 
a pair of very large fenestrae extending forward through half 
the length of the capsules. They are separated from one another 
medially by the nasal septum and the posterior wall of the 
capsule forms the posterior boundary. There sire no spheneth- 
moidal cartilages so that each dorsal fenestra corresponds to the 
coalesced fenestra olfactoria and fissura orbito-nasalis of L a - 
cert a. Shiino (1914) describes a similar coalescence in the 
crocodile and calls the foramen the fenestra cribrosa. The 
olfactory nerve and ethmoidal branches of the trigeminus nerve 
pass in conjunction through the fenestra cribrosa into the nasal 
capsule. 

A noteworthy and interesting condition in the snake is the 
fusion of the posterior wall of the capsule with the nasal septum. 
In Leptodeira the posterior wall broadens slightly into a 
vertical plate (fig. 8, PI. 18) which must correspond to the 
planum antorbitale of L a c e r t a. It is situated some distance 
laterally to the nasal septum, but from its medial ventral edge 
a narrow band of cartilage passes backwards and upwards to 
fuse with the dorsal margin of the nasal septum. 

I have observed the same fusion in an embryo Ptyas. 
Peyer (1912) describes the side-wall of the nasal capsule of an 
embryo Yipera aspis (70 mm. head-length) as fused pos¬ 
teriorly with the nasal septum. From his figure this is evidently 
the same connexion. In an embryo of 125 mm. head-length he 
reports that the planum antorbitale is entirely lacking and in the 
figure of this later embryo the capsule is quite free from the 
septum nasi posteriorly. But in Leptodeira the range of 
embryos from about one month’s age to two weeks before 
hatching all show complete fusion. 

Other reptiles, with a single exception, are all described as 
showing complete freedom of the nasal capsules from the nasal 
septum posteriorly. Shiino (1914) describes the planum antor¬ 
bitale as uniting solidly with the nasal septum in Orocodilus, 
but Gaupp in 1905 had reported it as free. In the single 
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Crocodilus I have at my disposal, the planum antorbitale is 
firmly wedged against the nasal septum, but the line of contact 
between them is distinct. Whether this contact is a process of 
detachment or of secondary attachment it is impossible to say 
from a single specimen. Apparently Shiino’s twelve embryos 
of varying ages all showed complete fusion. He describes the 
nasal septum as thickened at the point of fusion and this mi g ht 
suggest a secondary connexion. In Dermochelys and 
Ohelonia, Nick (1912) reports contact but no fusion between 
the planum antorbitale and the nasal septum, and in Chry- 
semys (Gaupp, 1905) and in Emys (Gaupp, 1905, and 
Kunkel, 1912) there is complete freedom. In the single Chry- 
s e m y s I have been able to observe there is close contact without 
fusion. 

With the exception of Shiino’s crocodile the snake appears 
to be the only reptile in which the nasal capsule has a posterior 
commissure connecting it with the nasal septum. It might be 
a secondary attachment, an adaptation correlated with the 
delicate nature of the skeletal framework in the nasal region. 
Its persistence, however, throughout all stages ofLeptodeira, 
with its early appearance and subsequent atrophy in the viper, 
suggest that it may be the primary condition. 

Gaupp, however, regarded the posterior freedom of the nasal 
capsules from the nasal septum as the primary condition. In 
discussing the attachment of capsule in some mammals, he 
states his belief that the attached condition is a secondary 
modification, emphasizing the free condition of the reptilian 
ancestors as evidence of this (1910). 

Kunkel observed that the connexion between the paraseptal 
cartilage and nasal septum in Emys is definitely a secondary 
modification, and concluded that in the primary condition the 
capsular wall is free from the nasal septum posterior to the 
zona annularis (1911). 

The planum antorbitale of Leptodeira hotamboia has 
no maxillary processes. 

. The paries nasi are well developed and pass over uninter¬ 
ruptedly from the tectum nasi. Anteriorly there is a large 
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ventral gap, corresponding to the fenestra narina, but owing to 
the incompleteness of the capsular floor it is an open incisure, 
not a complete foramen. The processus alaris superior and 
processus alaris inferior are present as slight projections of the 
wall of the fenestra narina, and between them is situated the 
external nasal aperture. 

The lateral wall in the posterior half of the capsules is com¬ 
plicated by the conchal infolding, which is in the form of an 
inverted trough open anteriorly, ventrally, and posteriorly. The 
extraconchal recess projects very slightly in front of the aditus 
conchae, so that the sulcus terminalis is very shallow. The 
lateral wall of the recess is complete, and there is no sign of the 
fenestra lateralis of Gaupp’s Lacerta in any of my Lepto- 
deira embryos. 

The infolding of the paries nasi takes place early in develop¬ 
ment, and its invasion by the external gland is later. As pointed 
out by Eiee (1920), this speaks strongly in favour of Born’s 
theory (1879 and 1883) of the secondary relation of the gland 
to the concha, the folding of the olfactory epithelium being the 
active factor in the formation of the conchal infolding. 

The nasal capsules are almost completely open basally, the 
entire floor being represented by the cartilaginous cup sup¬ 
porting Jacobson’s organ. The cup is isolated from the rest of 
the cartilaginous skeleton. There is no anterior connexion with 
the cartilagines cupulares, as reported by Born (1883) for 
Tropidonotus. There is no connexion with the nasal 
septum. Laterally, fragments of histologically young cartilage 
and thickened tissue pass from the cup to the side-wall of the 
capsule, but there is no complete band as in Lacerta. This 
agrees with the condition found by Peyer (1912) in Yip era, 
but Bom (1883) reports a continuous procartilaginous strip 
which later breaks down. 

The isolated cup is supported by the prevomer and septo- 
maxilla, which completely surround Jacobson’s organ. The 
posterior portion of the cartilaginous cup protrudes up into the 
gland as a swollen knob, the concha. There are no paraseptal 
cartilages. The posterior edge of the cup is continued backwards 
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as a strip of cartilage which stretches to the choanae. A second 
cartilaginous strip runs parallel and lateral to the first process 
and unites with it posteriorly to form a plate of cartilage for 
the support of the nasal passage. The plates of the two sides 
approach one another very closely. Peyer describes similar 
cartilages in Vipera as the hypochoanal cartilages. Born 
(1883) describes them for Tropidonotus and Vipera, and 
identifies them with the hypochoanal cartilages of Lacerta. 
The sabre-shaped cartilages of Python tigris (Solger) are 
evidently of the same nature. 

Owing to the incompleteness of the walls the foramina of the 
nasal capsule are not fully delimited. The fenestra narina and 
the fenestra cribrosa, the coalesced fenestra olfactoria, and 
fissura orbito-nasalis, have been described. Immediately behind 
its entrance into the fenestra cribrosa, the ethmoidal nerve 
(profundus branch of the trigeminal) divides into medial and 
lateral branches. The medial passes throughout the length of 
the capsule and emerges round the ventral anterior margin* of 
the medial wall of the capsule (fig. 5, PI. 13). No foramen 
apicale is delimited. The lateral ethmoidal emerges through 
a foramen epiphaniale and passes down the sulcus terminale 
(fig. 1, PL 12, and fig. 6, PI. 13). The foramen epiphaniale is 
a slit-like aperture beginning slightly behind the aditus conchae. 
A very narrow strip of cartilage separates it from the fenestra 
cribrosa. If this broke down the course of the nerve would be 
similar to that described by Shiino for Crocodilus (1914). 
That is, the lateral ethmoidal would not enter the capsule at 
all but would pass over the roof of the capsule direct to the 
sulcus terminalis. In the same way the advehent aperture of 
the lateral ethmoidal, distinct from the fenestra cribrosa 
described by Nick (1912) for Dermochylis and Chelonia, 
is probably due to an extension of the cartilaginous wall of the 
roof to surround the nerve behind the foramen epiphaniale. 

Mandibular Arch. 

The dorsal division of the mandibular arch, the palatoquad- 
rate cartilage, is represented in snakes by the long slender 

NO. 290 y 
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quadrate bar. In Stage I of Leptodeira the quadrate is 
a narrow vertical plate of cartilage. Its articular facet for 
Meckel’s cartilage is saddle-shaped. Correlated with the freedom 
of movement of the quadrate, it has no fusion with the wall of 
the skull. It is ligamentously attached to the so-called squa¬ 
mosal bone, the supratemporal of Thyng. The quadrate has 
no obvious basal or ascending processes. In a previous section 
on the orbito-temporal region of the skull, it was assumed as 
probable that this region of the palatoquadrate is represented by 
the epipterygoid bone, the cartilaginous stage of which is 
suppressed. 

With advance in age of the embryo the distal end of the quad¬ 
rate migrates backwards, until the slender elongated bar makes 
a very acute angle with the ventral division of the mandibular 
arch, Meckel’s cartilage. This slender lower jaw extends forward 
in a gentle curve. The anterior ends of the two rami do not 
meet, a wide space intervening between them. The articulating 
surface with the quadrate is convex. There is a large retro- 
articular process. 

Ossified Skull. 

Replacing bones.—The stages at my disposal are not 
favourable to the study of the replacing bones. In Stage IV 
there is a little ossification in the occipital region. Well-developed 
exoccipital bones arch over the foramen magnum, but the supra- 
oecipital region is unossified. The basi-occipital has an ossified 
occipital condyle. There is an interval of four or five weeks 
between Stages IV and V, and in the fifth stage ossification is so 
far advanced in the posterior region that the individuality of 
the bones is lost. The auditory capsule is completely ossified 
but the elements, pro-otic, epiotic, and opisthotic could not be 
distinguished, nor was any light thrown on the problem of 
whether the epiotic and opisthotic are independent elements. 
In the side-wall of the orbito-temporal region there can be no 
replacing bones, beyond the possible epipterygoid, since the 
cartilaginous wall has all been lost. Ossification has begun in 
the basisphenoid region. The posterior ends of the trabeculae, 
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enclosed in forceps-like parasphenoid structures, have atrophied. 
The anterior portion of the skull, the ethmoidal region, is in 
Stage V still persistent cartilage. 

Membrane Bones.—The secondary skull of investing 
bones is very strongly developed, and my observations on the 
membrane bones of Leptodeira hotamboia confirm those 
of Peyer onVipera aspis. The bones make their appearance 
at a very early stage, long before any sign of ossification in the 
cartilaginous cranium. 

There are well-developed paired parietals, but they do not at 
first extend far enough toward the dorsal middle line to roof over 
the brain. The strongest development is a longitudinal strip 
over the summit of the auditory capsule. It extends a short 
distance down the mesial surface of the capsule between it and 
the brain. A short projection grows out over the anterior semi¬ 
circular canal. In front of the otic capsule the parietals have 
descending processes which form side-walls to the skull and 
compensate for the lack of cartilaginous wall. In Stage I the 
descending processes are not very extensive, but later they 
grow right down to the trabeculae. The anterior margin forms 
the posterior boundary of the foramen orbitale magnum. 

A postfrontal bone is situated externally to the descending 
process of the parietal at its anterior end. The postfrontal 
inclines strongly outwards and downwards, forming a shelf over 
the orbit. 

The frontals also are well developed, and have descending 
processes which form the side-walls of the anterior portion of 
the skull. These form the anterior margin of the foramen 
orbitale magnum. In the later stages of the Leptodeira 
embryos, the parietals and frontals are closely approximated 
in the roof of the skull, but there is a rounded gap in the middle 
line. They form an almost complete case for the brain in the 
orbito-temporal region. Each meets its fellow in the middle line. 
The descending processes of the frontals meet ventrally in the 
middle line, above the trabeculae. But between the descending 
processes of the parietals the parasphenoidLforms the floor of the 
brain-case, 

V 2 



324 


GWENDOLEN T. BROCK 


The prefrontal is a complicated bone. It forms a strongly 
convex arch over the side-wall of the cartilaginous nasal capsule. 
The broad base of the arch forms a strong support to the maxilla. 
The dorsal edge of the arch is in contact with the frontal 
forming a line of suture with it. In the viper Peyer describes 
an arch of the prefrontal extending dorsally between the nasal 
and frontal to meet its fellow of the other side, but in none of 
my Leptodeira specimens can I find such a development. 
Posteriorly the bone becomes outwardly concave extending 
under the eye. 

The parasphenoid appears very much later than any other 
investing bone. It begins anteriorly as a vertical wedge of bone 
between the trabeculae. As the trabeculae separate posteriorly, 
the parasphenoid becomes a flattened plate of bone. Its lateral 
edges, forceps-shaped, enclose the trabeculae. It forms a floor 
over the hypophysial fenestra and extends back beneath the 
basisphenoid. The internal carotid, artery runs forward in a 
channel between the parasphenoid and the basisphenoid, the 
parabasal canal, and enters the cranial cavity through notches 
in the antero-lateral comers of the crista sellaris. 

The nasals penetrate deeply between the nasal capsules 
medianly, and in Stage V are quite large roofing bones to the 
capsules. The side-walls of the capsules anteriorly are unpro¬ 
tected by bone. 

The septomaxilla and the prevomer surround Jacobson’s 
organ. The prevomer forms the median and ventral walls of 
the bony capsule, and closes it posteriorly. The septomaxilla 
forms the lateral and dorsal walls and closes it anteriorly. 
Laterally the two bones overlap, the septomaxilla being outside 
the prevomer. A ridge of bone rises upwards from the median 
surface of the prevomer; it extends back along the nasal 
septum (fig. 9, PL 13). 

In close contact with the septomaxilla and the prevomer 
anteriorly is the wedge-shaped, unpaired premaxilla. Its 
median ascending process extends up between the nasal capsules 
to meet the descending processes of the nasals. 

The maxilla is a fairly long bone situated in a lateral position 
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beneath the skull. It is supported anteriorly against the pre¬ 
frontal, and posteriorly it works against the transversum, or 
ectopterygoid. This latter is a flat hone, sloping gradually 
inwards to the pterygoid. 

The pterygoid is an exceedingly long bone, extending from 
the jaw articulation forward in a medio-ventral position below 
the skull as far as the middle of the orbital region. In front it is 
loosely articulated against the palatine, a shorter bone extending 
beneath the nasal capsules. Posteriorly it works against the 
quadrate. 

The maxilla, palatine, and pterygoid all bear teeth. They 
are all loosely articulated with one another and with the 
skull. 

A long splint-like bone, generally known as the squamosal, 
develops upon the lateral aspect of the otic capsule. Anteriorly 
it is in close proximity to the parietal and extends back over the 
otic capsule between the prominences of the anterior and 
horizontal semicircular canals. Its ventral edge penetrates 
slightly between the quadrate and the wall of the otic capsule, 
and it does not extend over the surface of the quadrate at all. 
For this reason Thyng (1906) considers that it is a supra- 
temporal and not a squamosal. 

According to Thyng, the criteria for determining the homo- 
logue of the mammalian squamosal are its lateral position, over¬ 
lying the' otic capsule and the quadrate, and its contact with 
the quadratojugal. The bone in the Stegocephalia, whieh lies 
median to the squamosal and develops in close contact with the 
parietal, he calls the supratemporal. It is present with the 
squamosal in most of the primitive and extinct groups of 
Beptilia, but tends to be reduced in existing species. In 
Lacertilia it undergoes marked reduction, and in Sphenodon 
and Croeodilia is entirely lacking. The squamosal in all these is 
well developed. 

According to Thyng’s criteria, the bone called squamosal in 
the snake does more closely resemble a supratemporal. But in 
that case the squamosal must be entirely lacking, and this 
would be a .unique instance in Beptilia. Snakes are peculiar 
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in having completely lost the temporal arcades and it is con¬ 
ceivable that the squamosal has disappeared with the quadrato- 
jugal, jugal, and postorbital. 

Parker (1878) figured a small bone ventral to the squamosal 
(Thyng’s supratemporal), which Thyng expected would be the 
true squamosal. But Gaupp failed to discover Parker’s bone 
in his single Tropidonotus embryo. Peyer found it in none 
of his stages of the viper and I can find it in none of my stages 
of Leptodeira. But neither can I find any trace of the rest 
of the bones of the temporal arcades. 

In the lower jaw of Leptodeira hotamboia, as in 
Gaupp’s Tropidonotus and Peyer’s Vipera aspis, the 
following investing bones may be distinguished: a dentary, a 
splenial, and a large composite bone. The dentary is situated 
dorsolaterally to Meckel’s cartilage, a piece of which projects in 
front uncovered by bone. The splenial is a smaller strip along 
the medial side of Meckel’s cartilage opposite the posterior 
portion of the dentary. The large composite bone is the posterior 
element extending from the dentary to the quadrate and 
enveloping Meckel’s cartilage. In Stage I the articular element 
of the composite bone is unossified. A gonial and supra- 
angular are distinguishable components of the composite bone. 
A wide well-defined gap in the supra-angular allows for the 
passage of the mandibular branch of the trigeminal into 
the primordial canal. The chorda tympani passes round the 
posterior dorsal edge of the gonial into the primordial canal. 
Gaupp (1911) and Peyer (1912) both find a fourth separate 
element in the ophidian lower law. Gaupp calls it an angular, 
but Peyer does not find a separate element in the ventral 
position of an angular. He distinguishes a complementary, 
posterior, and dorsal to the splenial. 

The skull as a whole has a very different appearance from the 
skull of the lizard (figs. 8 and 14, PI. 12). The cranial region is 
a solid bony case. It affords a firm foundation against which 
the slender and loosely articulated palatal and jaw structures 
can work. This solid case is formed for the most part of the 
large parietal and frontal bones and their descending processes. 
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Inside this framework of membrane bones, the original cranial 
wall has undergone great reduction. As described in a previous 
section, the side-walls of the orbito-temporal region are entirely- 
lacking. In the nasal region, too, a reduction of cartilage is 
correlated with a strong development of membrane bones, 
nasals, premaxilla, prevomers, septomaxillae, and prefrontals. 
A certain amount of movement is possible between the nasal 
region and the cranial case. Instead of the nasals being firmly 
wedged against the frontals, there is a gap between the bones 
which allows a certain amount of freedom. 

The maxilla finds a firm anterior support against the massive 
prefrontal. Temporal arches are entirely lacking so that its 
posterior end is free except for a movable articulation with the 
pterygoid through the transverse bone. The palatine and the 
very much elongated pterygoid are freely movable. They are 
situated well away from the cranial floor. Posteriorly the ptery¬ 
goid is supported against the quadrate with which it is freely 
movable. The pterygoid is not in contact with the basitrabe- 
cular process, which is relatively insignificant. In fact Gaupp 
says that only the large snakes, such as the python have 
basitrabecular processes (basipterygoid). The python has large 
processes against which the pterygoids are supported. 

During development the quadrate shifts back along the 
squamosal (Thyng’s supratemporal) and the posterior end of 
the latter is progressively raised until it forms a prominent ridge 
from the roof of the otic capsule. In snakes generally, the 
squamosal projects a long way behind the skull, but in Stage V 
the process has not extended beyond the otic region. The 
movability and length of the palatal and jaw-bones, the marked 
backward shifting of the quadrate and its loose articulation, and 
the movability of the nasal region all combine to produce a 
wideness of gape which enables the snake to seize and swallow 
comparatively large prey. 

The unusual length of the temporal region, the excessive 
length of the basal plate between the facial foramen and crista 
sellaris already remarked, and the broad extent of the parietal 
side--wall, are probably correlated with the exceptional length 
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of the palatal and jaw structures, and may therefore be regarded 
as an adaptation to ensure a wider gape. 

This account is in very close agreement with that given by 
Versluys (1912) for the python taken as a typical example of the 
snake. He classifies it as a mesokinetie type of skull, directly 
derivable from the condition in Amphisbaenidae, in which 
the movement is between frontals and parietals, not between 
frontals and nasals. Yersluys regards the metakinetic condition 
of the lizard as primary, and believes that the mesokinetie 
character of the Amphisbaenidae and snakes is an adapta¬ 
tion from it for the particular habit of life and kind of food. 

As described in a previous section the snake has no inter¬ 
orbital septum. The eyes are situated far apart outside the 
bony case of the parietals and frontals, and between the pre- 
frontals and postfrontals; the eye-muscles and their nerves 
pass through the foramen orbitale magnum. There is no 
trabecula communis, but the paired trabeculae lie very close 
together for the anterior two-thirds of their length. This is an 
intermediate condition between the platybasic and the tropi- 
basic types of skull. Gaupp (1908) and Yersluys (1912) both 
consider that it is a secondary modification from the tropibasic 
reptilian condition. The eyes might be secondarily pushed 
apart and the trabecula communis separated into paired 
trabeculae with the formation of the broad cranial box. 

The possibility of the secondary nature of the posterior 
attachment of the nasal capsules to the nasal septum has already 
been discussed. But the evidence in favour of the laeertilian 
origin of the Ophidia is debatable and insufficient to justify 
a dogmatic statement to that effect. It is conceivable that the 
highly specialized skull of the snake is fundamentally primitive 
and adapted from a more primitive ancestral type than the 
lizard. It is probable that from an investigation of the develop¬ 
ment of the less specialized snakes, such as the Typhlopidae 
and Glauconidae, their true nature might be read. 
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Abstract. 

The cartilaginous cranium of the snake, Leptodeira 
hotamboia, consists of basal plate and trabeculae, otic, and 
nasal capsules. 

The crista sellaris of the basal plate is situated exceptionally 
far in front of the otic capsules, and the basicranial fenestra 
lies entirely in an anterior pro-otic third of the basal plate. 

The trabeculae converge but do not fuse in front of the 
fenestra hypophyseos. They run forward parallel to each other, 
and fuse to form the nasal septum in the nasal region. 

The otic capsules show a large vestibular division and a 
smaller cochlear portion. Posteriorly each capsule is separated 
from the basal plate by the fissura metotica. This fissure is 
divided into a small anterior medial opening of the reeessus 
scalae tympani and a posterior jugular foramen. The vagus 
nerve passes through the posterior division, but the jugular vein, 
as in reptiles generally, passes out through the foramen magnum. 
The fenestra cochleae, an aperture of the cochlear capsule, 
faces towards the reeessus scalae tympani. 

The fenestra cochleae of the reptile is compared with the 
fenestra rotunda of the mammal, and it is found that the two 
are not homologous. The apertura lateralis of the reeessus 
scalae tympani of the reptile is the homologue of the fenestra 
rotunda of the mammal. The secondary tympanic membranes 
in the two classes correspond morphologically as well as 
physiologically. 

This conclusion does not confirm Gaupp’s hypothesis (1900), 
but is in keeping with the earlier suggestion of Versluys (1898). 

The columella auris consists of foot-plate and shaft. The diB- 
tal end of the shaft is bent sharply backwards, is elongated, and 
is in contact with the quadrate. A small nodule at the distal 
end ossifies separately from the columella as a process of the 
quadrate. This is probably an intercalare, and the distal bent 
end of the columella would then represent the dorsal process of 
the lizard. 

There is no interorbital septum. The cartilaginous side-walls 
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in the orbito-temporal region are lacking, and are compensated 
for by strong downgrowths of the parietals and frontals. The 
eye-muscles and their nerves are gathered together in the space 
behind these bones and pass out through a common opening, 
the foramen orbitale magnum. 

A small basitrabecular process projects laterally from the 
trabecular plate. It supports a small bone situated in the side- 
wall of the skull over the trigeminal incisure and the facial 
foramen. The bone is not performed in cartilage, but its 
relations to the nerves and blood-vessels show it to be an 
epipterygoid. This basitrabecular process and epipterygoid 
evidently correspond to the so-called 4 alisphenoid 9 of Parker 
(1878) and Peyer (1912). 

The nasal capsules are delicate and incomplete. There are 
large conchal infoldings. The cartilaginous cup of Jacobson’s 
organ is isolated from the rest of the nasal skeleton. A small 
planum antorbitale is present, and is attached to the dorsal 
edge of the nasal septum by a posterior commissure. 

Membrane bones are strongly developed. Parietals, frontals, 
and parasphenoid form a strong bony case which gives a firm 
foundation for the working of the slender and loosely articulated 
palatal and jaw structures. 

Lettering of Figures. 

ah., abducens nerve; a6.c., abducens canal; ai., apertura lateralis of 
recessus scalae tympani; a.m., apertura medialis of recessus scalae tym- 
pani; a.n., auditory nerve; bc.f., basicranial fenestra; b.p. 9 basal plate; 

b. p*g. 9 basal plate gap; bs., basisphenoid bone; bt.p, 9 basitrabecular pro¬ 
cess ; c.a., columella auris ; c.aq., cocblear aqueduct; cx. 9 cochlear capsule ; 

c. d.p., columella distal process; c.fp., columella foot-plate; ch.t., chorda 
tympani; co., concha ; c.s. 9 crista sellaris ; d.p., parietal descending pro¬ 
cess ; d.p.f., frontal descending process ; d.m., dura mater; ec., ectoptery- 
goid; ethj. 9 ethmoidalis lateralis; etk.m., ethmoidalis medialis; frontal; 
/.c., fenestra cochleae; fxri fenestra cribrosa; f-ep., foramen epiphaniale ; 
fdig., hypoglossus foramen; f.hy., fenestra hypophyseos; /.m., fissura 
metotica; f.na., fenestra narina; f.p., foramen perilymphaticum; /.r., 
fenestra rotunda; f.v., fenestra vestibuli; G.b., Gaupp’s bone; gl.n. t 
glossopharyngeus; hy.f., hyomandibular nerve; hyx., hypochoanal 
cartilage; La.m., membrane of incisura antotica ; ix.a. 9 internal carotid 
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artery; J.o.c., Jacobson’s organ capsule; j.v., jugular vein; Mx., Meckel’s 
cartilage; md.t., mandibular nerve; m.t, maxillary nerve; m.t.s., membrana 
tympani secundaria; mx., maxilla ; n., nasal bone; nx., nasal capsule; 
n.s., nasal septum; o.a., orbital artery; ox., otic capsule; ol.n., olfactory 
nerve; o.n., oculo-motor nerve; op.n., optic nerve; pa., parietal bone; 
pal., palatine bone; p.a.i., processus alaris inferior; p.a,8. t processus alaris 
superior; pas., paraspbenoid; pbx., parabasal canal; px., prefacial com¬ 
missure; p.f., palatine nerve; pg., pterygoid bone; pit., pituitary vein; p. 
intr. pmtr., processus intraperilymphaticus; plant., planum antorbitale; 
p.n.c., posterior nasal commissure; post.f., postfrontal bone; pr., pre¬ 
maxilla ; pre.f., prefrontal bone; p.s., perilymphatic sack; p.t., profundus 
nerve; pv., prevomer bone; q., quadrate; r.s.t., recessus scalae tympani; 
sm., septomaxillary bone; sq., squamosal bone; si, stylohyale; t.g., trige¬ 
minal ganglion; t.n., trochlear nerve; t.p., trabecular plate; tr., trabe¬ 
cula ; ty.d tympanic diverticulum; v., vagus nerve; v.c.l., vena capitis 
lateralis; v.c.m., vena capitis medialis. 


EXPLANATION OP PLATES 12 AND 13. 

Plate 12. 

Kg- 1-—Reconstruction of the skull of Leptodeira hotamboia— 
dorsal aspect. Membrane bones have been removed to show relation of 
nerves and blood-vessels to the cartilaginous parts. 

Kg. 2.—The same—lateral aspect. 

Kg. 3.—Reconstruction of the skull—ventral aspect, with the membrane 
bones added as they appear in Stage V. 

Kg. 4.—The same—lateral aspect. 


Plate 13. 

Kg. 5.—Transverse section through nasal region of Stage I, 1-3-7, 
showing the exit of the medial ethmoidal nerve. 

Kg. 6.—Transverse section through nasal region of Stage III, 3-1-1, 
showing the foramen epiphaniale. 

Kg. 7.—Transverse section through nasal region, Stage IV, 2-3-4, 
showing vestiges of zona annularis. 

Kg. 8.—Transverse section through nasal region, Stage IV, 3-3-2, 
showing the planum antorbitale and posterior commissure. 

Pig. 9.—Transverse section through nasal region of Stage V, 3-1-7, 
showing the relations of the membrane bones to the cartilaginous parts. 

Pig. 10.—Transverse section through the region of the incisura antotica 
at Stage IV, 9-1-1, showing the basitrabecular process and the rudiment 
of Gaupp’s bone. 
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Pig. 11.—Transverse section slightly posterior to the last section, 
Stage IV, 9-2-6. It shows the margin of the trabecular plate and the mem¬ 
brane which bounds the cavum epiptericum laterally. 

Pig. 12.—Transverse section through the orbitotemporal region, Stage III, 
7-2-4. It shows the intermediate space between dura mater and the 
descending process of the parietal. The profundus nerve and the vena 
capitis medialis are situated in this space. 

Pig. 13.—The same a few sections further back. Stage III, 7-2-10. The 
abducens nerve is seen in a canal on the upper surface of the basal plate. 

Pig. 14.—Transverse section of Stage V, 13-2-5, through the region of 
the incisura antotica, showing the condition in the fully ossified skull. 

Pig. 15.—The same, a few sections further back, Stage V, 14-1-1. 
Gaupp’s bone is seen. 

Pig. 16.—The same, a little further back. Stage V, 14-2-7. 

Fig. 17.—Transverse section through the posterior nasal region of the 
fully ossified skull. Stage V, 5-2-2. 

Pig. 18.—Transverse section through the orbital region of the fully 
ossified skull. Stage V, 9-2-7. 

Fig. 19.—Horizontal section through the otic region of Stage I, 4-2-8. 
It shows the backwardly bent columella auris, the distal end in contact 
with the quadrate. 

Pig. 20.—Transverse section through the posterior otic region of the 
fully ossified skull. Stage V, 16-3-9. It shows the intercalare, Parker’s 
stylohyale, in contact with the quadrate. 

Fig. 21.—Transverse section through the otic region, Stage IV, 10-3-5. 
It shows the fenestra cochleae and recessus scalae tympani. 
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The Formation and Fate of the Operculum 
and Gill-chambers in the tadpole 
of Rana temporaria. 

By 

Gwendolen T. Brock, M.Sc., D.Phil. (Oxon.). 


With 16 Text-figures. 


This work has been undertaken with the object of establishing 
the exact method of formation of the operculum and gill- 
chambers in the tadpole. It is also intended to follow up a 
suggestion of 0. H. Latter (1923) that branchial respiration 
continues after metamorphosis by means of paired apertures 
immediately in front of the bases of the freed anterior limbs. 

It is generally known that a fold of skin, the operculum, 
appears in front of the gill clefts shortly after hatching and grows 
back over the clefts, enclosing the gills in a gill-chamber. In 
Rana the right and left chambers communicate with one 
another ventrally, and the only opening to the exterior is a 
funnel-like opening on the left side of the tadpole. Text-book 
accounts, Balfour’s ‘ Comparative Embryology for instance, 
are very vague in defining how the communication between 
»right and left chambers is effected, and in what way the right 
opening is obliterated. An exact account, in outline, is given 
by Milnes Marshall. He says that the operculum grows back¬ 
wards and fuses with the body-wall along the ventral surface 
and on the right side, leaving an opening on the left side which 
communicates with both chambers. This account I have found 
to be quite correct. 

I .have examined a large number of serial sections of tadpoles, 
transverse and vertical, varying in age from the newly hatched 
tadpole to the metamorphosed frog, with four limbs, lungs, and 
external nares. 
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Text-figs. 1, 2, and 3 represent transverse sections through 
a young tadpole, soon after hatching. The operculum is forming. 

Text-figs. 1-3. 



a.L, anterior limb; &.c., branchial cavity; co. } coracoid; ect., 
ectoderm; e.g., external gills ; g., gills; int 9 integument ; l.a.l., 
left anterior limb; l.g.c., left gill-cliamber; o., operculum ; o.c., 
operculum complete; o./., opercular fold; o.v.f., opercular ventral 
fold; p.g., pectoral girdle; r.a.l,, right anterior limb; r.gx . 9 right 
gill-chamber; spiracular aperture, left; s.b.a . 9 secondary 

branchial aperture; v,c.c., ventral communicating channel. 

Text-fig. 1, the most anterior section, shows separate right and 
left cavities, closed off from the exterior by the lateral folds. 
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A few sections further back, Text-fig. 2, the fold has extended 
towards the mid-ventral line, while in Text-fig. 8, a ventral fold 
of skin lies below and separate from the body-wall. Tracing this 
ventral fold backwards in the sections, it is found to end freely. 



6 Text-ugs. 4-6. 


Both right and left cavities are wide open posteriorly. The 
operculum, then, must arise as a single fold of skin stretching in 
a convex sweep from the sides of the head right across the ventral 
surface of the body (Text-fig. 7 a). The lateral portions grow 
back much more rapidly than the ventral. 

Text-figs. 4, 5, 6 are sections of a slightly older tadpole in 
NO. 290 z 
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which the operculum is completely formed. The most anterior 
section, Text-fig. 4, again shows separate right and left cavities. 
Tn Text-fig. 5 these are joined by a ventral communicating 
space, and in Text-fig. 6 the ventral fold has fused again with 
the body-wall behind the communicating channel. Text-fig. 6 
passes through the funnel-like left opening. The cavity on the 
right side, when traced back in the sections, iB obliterated 
without any opening to the exterior. 

A median vertical section, Text-fig. 11, shows the ventral 



Text-fig. 7. 


communicating channel. The opercular fold of skin arises 
anteriorly, closes off the branchial channel, and fuses again with 
the body-wall. 

Text-fig. 7 a, b, o, d of tadpoles seen from the ventral surface 
illustrate the formation of the operculum as determined from 
these sections. In a the gills are uncovered, but the incipient 
fold is suggested by the dotted line. In b the lateral portions 
of the folds have grown back rapidly and partially cover the 
gills. In o the lateral portions have extended still farther 
posteriorly; the left has outdistanced the right, and a tiny fold 
has arisen across the whole ventral surface. The complete 
opercular fold is free and unfused with the body-wall posteriorly. 
In d the operculum has fused with the body-wall, ventrally and 
on the right; a small opening remains on the left, drawn out 
into a funnel-like opening. It is shown in Text-fig. 8, a lateral 
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view of the same tadpole. Thus the branchial cavity consists 
of right and left chambers with a ventral communicating space, 
the whole cavity having been cut off from the exterior by the 
opercular fold of skin. 

Since the branchial opening is at one time a single wide sweep 
from side to side across the ventral surface of the body, it is 
easy to understand that the definitive position may vary in 
different forms. Bombinator has a single ventral spiracle. 


fa L 



faL 



Tbxt-itos. 8, 9. 

It would be expected that the fusion of the operculum with the 
body-wall would extend along the fold, converging from both 
extremities and leaving a ventral opening instead of one on the 
left side. In Daotylethra there are right and left openings 
according to Huxley (Balfour). It is possible that one might 
find the ventral communication as well, but it seems more 
probable that the extension of the opercular fold ventrally and 
the formation of the ventral communicating channel is corre¬ 
lated with the single branchial opening in Ban a. One 
would, therefore, scarcely expect to find the ventral channel in 
Dactylethra. 

The anterior limb-buds form on the walls of the gill-chambers. 
They protrude into the cavity, Text-fig. 10, the epidermis of the 
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limh being continuous with the lining of the gill-chamber. The 
lining of the whole branchial cavity is ectodermal in origin, but 
has become a single layered epithelium. As the limb-buds 




develop their epithelial covering assumes again the nature oi 
a stratified epidermis. The buds grow into complete limbs 
within the gill-chambers. Text-fig. 12 is a transverse section 
of a tadpole shortly before metamorphosis. The tips of the 
digits and the elbows press against the wall of the operculum. 
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and it seems probable that both limbs at metamorphosis will 
break through the operculum. Milnes Marshall states that the 
right limb breaks through the operculum, but that the left 
emerges through the spiracle. 0. M. Helff (1926) describes 
paired perforations due to histolysis of the operculum, but does 



not say whether the spiracle shares in the freeing of the left 
anterior limb, or whether it closes independently. 

0. H. Latter (1923) observed that tadpoles continue to breathe 
by means of gills, as well as by lungs, even after the forelimbs 
have appeared at metamorphosis, until the tail is completely 
absorbed. He observed paired crescentic openings with thick¬ 
ened lips, immediately in front of the bases of the freed anterior 
limbs, Text-fig. 18, and found that a branchial current passed 
in at the nostrils and out through these crescentic apertures. 

My observations confirm those of Latter. Text-fig. 13 is a 
vertical section through a tadpole in which metamorphosis has 
taken place and the anterior limbs are freed. The section passes 
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through the left crescentic aperture, showing its thickened 
epidermal lip. The aperture commences immediately anteriorly 
to the base of the forelimb, but extends towards the mid-ventral 
line of the body. The apertures vary in size in different speci- 



Text-etos. 16-16. 


mens and on different sides of the same specimen. In no meta¬ 
morphosed specimen is there a recognizable spiracle apart from 
the crescentic apertures. 

At the lateral extremity of each crescentic aperture the 
operculum fuses with the skin of the limb, the outer surface of 
the opercular fold forming a continuous epidermal layer with 
the integument of the limb, Text-fig. 15 a, b, o. Helff (1926) 
described the continuity of the operculum with the integument 
of the limb after the atrophy of a shelf of integument which 
projects from the anterior surface of the limb as a result of the 
perforation process. Helff, however, regards the openings in 
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the opercular wall as purely perforations for the freeing of the 
anterior limbs and does not recognize them as functional 
respiratory apertures. At the medial extremity the crescentic 
apertures appear to be gradually closing. The anterior and 
posterior lips in Text-fig. 16 a, have come together and fused, 
and in Text-fig. 16 b, in a slightly more medial position, a small 
core of isolated epidermal cells may be observed below the 
surface of the body-wall. The outer surface of the operculum 
here forms the surface of the body-wall. The ectoderm of the 
lining of the branchial cavity is single layered, and the volume of 
the branchial cavity is being diminished by the growing together 
of the medial and lateral walls of the cavity. Median sections 
of this tadpole show that the ventral communicating channel, 
present before metamorphosis, has been entirely obliterated in 
this manner. 

It would seem very likely then that the outer surface of 
the operculum persists as the permanent body-wall, and that the 
branchial cavity is obliterated by the sinking inwards of the 
operculum and the fusion of its inner surface with the inner wall 
of the branchial cavity, that is, with the original body-wall of 
the tadpole. 

This work waB carried out in the Department of Zoology 
and Comparative Anatomy, University Museum, Oxford. 
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I. Introduction. 

The present investigations were undertaken in order to 
determine the relationship of the oocyte and nurse-cell Golgi 
bodies and mitochondria to yolk-formation in the saw-flies, 
Thrinax macula Kl., Thrinax mixta Kl., and Allan- 
tus (Emphytus) pallipes Spin. (Enslin, 1). The 
oocyte nucleolar emissions of Thrinax macula and Allan- 
tus pallipes, and certain phenomena associated with the 
oocyte nucleolus of Thrinax mixta, have been already 
treated (Gresson, 4 ) and so has nucleolar budding in the latter 
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species (Peacock and Gresson, 14); the present contribution 
carries this last-mentioned investigation farther by describing 
in detail the staining reactions and phenomena connected with 
the nucleolar emissions of Thrinax mixta. 

II. Pbevious Wobk. 

In a paper published in 1920 Gatenby and Woodger (3) dealt 
with the question of the relationship of Golgi apparatus and 
mitochondria to yolk-formation and showed that in the 
oogenesis of certain forms, e.g. Patella, &o., evidence exists 
to support the view that the Golgi apparatus takes part in 
deutoplasmogenesis, while in other forms, e.g. Apanteles, 
it has been claimed that the mitochondria are transformed into 
yolk. A large amount of work has been carried out since in the 
same direction, but as these contributions have been fully quoted 
by most other workers it is only necessary to refer briefly to 
some of the more recent findings. 

In the eggs of most insects and related forms two kinds of 
yolk exist; a number of workers claim that one type, the 
albuminous, is derived from the cytoplasm or from nucleolar 
extrusions, while the other type, the fatty yolk, is formed by 
the transformation of the Golgi bodies. 

On the other hand, certain investigators state that the 
albuminous yolk arises in relation to the Golgi bodies; thus 
Harvey, in a recent paper (5), makes this claim for Carcinus. 
He also points out the confusion which has arisen owing to the 
prevailing discordance of opinion. 

Nath and Mehta (13), describing the egg of the fire-fly, 
Luciola gorhami, state that two kinds of yolk exist, 
albuminous and fatty. The former arises from nucleolar 
extrusions, the latter from the Golgi elements. In the undiffer¬ 
entiated germ-cells the Golgi apparatus exists in the form of 
about four rings lying on the edge of the nuclear membrane. 
The Golgi rings might be described as vacuoles ‘ with a sharp 
chromophilic rim and a central chromophobic substance 
(idiosome) On decolorization the osmicated fat spheres pre¬ 
sent a similar appearance and after further treatment appear 
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like clear vacuoles. These investigators conclude that free fat, 
not miscible with the general cytoplasm, is deposited in the 
interior of the Golgi rings, which in some cases may be saturated 
with' fat before the egg is differentiated from the cells. 

During the oogenesis of the spider, Crossopriza lyoni 
(Nath, 11), there are no nucleolar extrusions, the albuminous 
yolk arising independently in the cytoplasm. The Golgi ele¬ 
ments in the youngest oocytes are in the form of ‘ vacuoles 
containing a watery and non-fatty fluid, and are embedded in 
the mitochondrial mass ’. Later, the fatty yolk is formed by 
the ‘ deposition of fat not miscible with the general cytoplasm 
inside the Golgi vacuoles ’. 

Nath (8) believes that during oogenesis in the Chilopod, 
Lithobius forficatus, the nucleolar extrusions are asso¬ 
ciated with the formation of albuminous yolk. The juxta- 
nuclear Golgi apparatus of the young oocytes fragments and 
spreads through the cytoplasm, the granules being converted 
into fatty yolk. King (7), working on the same species, states 
that the nucleolar extrusions on reaching the cytoplasm increase 
by budding, ‘ the grains so formed eventually enlarging into 
yolk-spheres The Golgi bodies fragment and spread through 
the cytoplasm; * the origin of the fatty yolk is doubtful, but 
it may be possibly connected with the Golgi apparatus ’. This 
conflicting evidence has led Nath and Husain (18) to investi¬ 
gate the origin of yolk in the Scolopendrid, Otostigmus 
feae. In this type the nucleolar extrusions are few and dis¬ 
appear before the albuminous yolk arises independently in the 
cytoplasm. ‘ The Golgi elements exist in the form of vacuoles 
with watery and non-f^tty contents the fatty yolk being 
formed by a process of growth and deposition of free fat inside 
the Golgi vacuoles. 

Bao (15) records an interesting condition in the ovum of the 
lemur, Loris. Nucleolar emissions arise from the plasmosome 
and initiate the formation of fat-globules, while the mitochon¬ 
dria and Golgi apparatus play a part in the origin of the yolk- 
spheres. . 

Nath (9 and 10), reviewing Parat’s work on the Golgi vacuoles. 
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points out that, according to the latter, the Golgi elements in 
all vertebrate and invertebrate cells exist in the form of vacuoles, 
while the reticular appearance of the apparatus in the somatic 
cells of vertebrates is an artifact. The contents of these 
vacuoles are mostly liquid and their reaction acidic; hence their 
affinity to the basic neutral red. 

Nath found that the eggs of Crossopriza (11) and of 
Otostigmus (12), stained with janus green or neutral red, 
contain vacuoles of two sizes, the smaller being Golgi vacuoles 
and the larger fatty yolk. The latter arise by growth and by 
the deposition of fat inside the former. The solid granular 
Golgi elements shown in fixed eggs he regards as artifacts due 
to the excessive precipitation of metallic silver or osmium inside 
the vacuoles. Gatenby (2) in a recent paper reviews the work 
of Hirschler, Monne, Voinov, and others ; these investigators 
state that during spermatogenesis of certain forms, the vacuoles 
may be separated from the Golgi apparatus. Gatenby has shown 
that a similar condition exists in the male cells of Cavia, 
Helix, and Abraxas. Hence * the vacuole is not the Golgi 
apparatus, but the associate or derivative of the Golgi cortex ’. 

From the above account it would appear that the behaviour 
of the vacuole system varies in male and female cells, in the male 
becoming separated from the Golgi apparatus, while in the 
female apparently the Golgi element and vacuole remain in 
association during oogenesis. Gatenby (op. cit.) believes ‘ that 
in such examples of oogenesis as that of Daphnia, the Golgi 
element is a cortex on the vacuole, and the division of the 
element brings about a division of the associated vacuole 

It is worthy of note that Hibbard (6) describes Golgi vacuoles 
in the eggs of the Amphibian, Diseoglossus, which stain 
with neutral red, later ‘ lose their capacity for being vitally 
stained ’, and give rise to yolk; ‘ the fat arises de novo in 
the cell independently of the mitochondria or vacuoles ’. 

To s umm arize : there is a large amount of evidence in favour 
of the views that the Golgi apparatus gives origin to fatty yolk, 
and that, in many cases, the origin of albuminous yolk appears 
to be attributable to nucleolar extrusions; it should be borne in 
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mind, however, that all workers are not agreed on the above 
points, as some claim a Golgi origin for albuminous yolk; only 
further work will clarify the position; as will be seen later, an 
important observation from the point of view of the present 
paper is that in Orossopriza and Otostigmus Golgi 
vacuoles are converted into fatty yolk globules. 

III. Material and Methods. 

The material for this paper was obtained from specimens of 
Thrinax mixta 30., Thrinax macula 10., and Allan- 
tus (Emphytus) pallipes Spin. (Enslin, 1), the two 
former species in February, March, and April 1929 from larvae, 
pupae and adults which had hibernated in the larval condition, 
the latter species from corresponding stages, in March and 
April 1929. 

For an examination of the Golgi vacuoles, ovaries were dis¬ 
sected out in saline solution and subsequently stained with 
neutral red, mounted in a drop of stain or saline and examined. 
The above material was checked against ovaries fixed by the 
standard Mann-Kopsch, Kolatchev, and Da Fano methods. 
Fixation in 2 per cent, osmic acid was also found useful. 

In the case of Thrinax mixta the phenomena associated 
with the nucleolar extrusions were worked out in ovaries fixed 
in corrosive acetic fixative and stained in Mann’s methyl-blue 
eosin. In all cases the following procedure was adopted: the 
ovaries were dissected out in tap-water and immediately trans¬ 
ferred to the fixative; sections were cut 8 n and 5/x in thickness. 

IV. Observations. 

1. Golgi vacuoles and fatty yolk-formation. 

The phenomena associated with the Golgi vacuoles and yolk- 
formation were worked out in Thrinax mixta and Thrinax 
macula before the later stages of the Allantus pallipes 
material were examined. Consequently the following account 
refers to the former two species. 

Mann-Kopsch preparations of the early undifferentiated cells 
at the proximal end of the ovarioles showed the Golgi element 
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as small round osmophil bodies situated chiefly round the nuclei 
(fig. 1, PI. 14). On examining the young oocytes not fully 
separated from the adjoining nurse-cells, many of the bodies 
are seen to have increased in size (fig. 8, PI. 14). 

In neutral red preparations clear vacuoles are shown to 
occupy similar positions to those of the osmophil bodies in the 
undifferentiated cells and early oocytes (figs. 2 and 7, PI. 14). 

Furthermore, on decolorizing with turpentine, the dark 
bodies of the Mann-Kopsch material were clearly shown to 
consist of a vacuole with a chromophilic rim (fig. 11, PI. 14) and, 
on prolonged treatment, the whole body appeared as a clear 
space; fixation for a short period in osmic likewise shows the 
chromophilic rim. Thus, it is evident that the osmicated bodies 
are in reality vacuoles and the Golgi element in all probability 
is represented by the chromophilic rim observed in decolorized 
material. In the early oocytes the Golgi vacuoles surround the 
nucleus and extend for some distance towards the periphery. 
With the growth of the oocyte the vacuoles increase in number, 
and in the older cells, just before yolk-formation, occur through¬ 
out most of the ooplasm. These stages are shown in figs. 4 and 
6, PI. 14. It should be noted that in figs. 7 and 8, PI. 14, of neutral 
red preparations the cells and nuclei are larger and the Golgi 
vacuoles slightly smaller than in the fixed material. 

The phases of yolk-formation were best revealed in Mann- 
Kopsch material. ThuB, the onset of deutoplasmogenesis is 
marked by the appearance of small yolk-globules towards the 
periphery of the oocytes. These are yellowish or very faintly 
darkened in osmic preparations. They rapidly increase in size 
and at the same time certain of the Golgi vacuoles swell up to 
form large deeply osmophil spheres (fig. 22, PI. 15). The latter 
are very resistent to the decolorizing action of turpentine, both 
types of vacuole are destroyed by acetic fixation, the position 
of the larger ones in the older eggs being marked by clear spaces 
situated among the yellow yolk-globules. The reaction of the 
large vacuoles to osmic and acetic fixation, and their non¬ 
preservation in oocytes treated by the Da Fano method, shows 
clearly that they are the fatty yolk-globules. The above facts, 
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together with the evidence of the existence of vacuoles inter¬ 
mediate in size between the small Golgi vacuoles and the large 
fatty yolk-vacuoles, leaves no doubt that the former are trans¬ 
formed into the latter at a certain stage of oogenesis. The 
change takes place, in all probability, by the deposition of free 
fat within the original vacuoles. 

In eggs treated with neutral red the fatty yolk remains 
colourless or is faintly coloured according to the length of treat¬ 
ment in the vital stain. The ordinary or albuminous yolk- 
spheres first mentioned are easily distinguished owing to their 
yellow colour. 

.Shortly after the first appearance of the fatty yolk a note¬ 
worthy and peculiar condition is observable in the albuminous 
yolk-globules, many of the smaller spheres presenting a some¬ 
what granular appearance. .Most of these granules on closer 
examination proved in reality to be small vacuoles or droplets 
situated within the yolk-globules, the larger globules containing 
large ‘ vacuoles ’ varying in size and in number (fig. 14, PI. 14; 
fig. 28, PI. 15). In slightly older oocytes these appearances were 
more marked and the yellow yolk-globules seemed to have 
increased in number. In the fully formed eggs the albuminous 
yolk-spheres were very numerous and did not contain large 
‘ vacuoles ’, although in some cases small ‘ vacuoles ’ were 
observed (fig. 24, PI. 15). 

This 4 vacuolated ’ condition marks some stage in the develop¬ 
ment of the albuminous yolk of the mature egg. The appearance 
of the spheres suggests that multiplication may take place by 
the ‘ vacuolated ’ globules becoming broken up into smaller 
bodies, and although no such process was observed, certain 
facts would seem to give weight to this supposition. Thus there 
is a great increase in the amount of albuminous yolk immediately 
after the ‘ vacuoles ’ make their appearance, and furthermore, 
in the fully formed egg after yolk-formation has been completed, 
the larger 4 vacuoles ’ were not shown, while the smaller ones 
were only present in a few globules. 

In the opinion of the writer there is no evidence to connect 
the Golgi vacuoles with the formation of albuminous yolk. The 
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latter first arises towards the periphery, regions of which are 
comparatively free from Golgi vacuoles. The origin of the albu¬ 
minous yolk wifi, be discussed in more detail later (pp. 857-8). 

In the mature eggs the fatty yolk globules are not numerous, 
but those present are larger than in the earlier oocytes (fig. 24, 
PI. 15). Some of the small Golgi vacuoles appear to remain un¬ 
changed and at this stage can usually be observed among the 
yolk-globules. 

The behaviour of the Golgi vacuoles in the nurse-cells is 


Text-pig. 1. 



I 1 I . J 
■Olnim. 

Young oocyte of Allantus pallipes, showing Golgi vacuoles, 
the most of which occur towards the posterior end of the oocyte. 
f.o., follicle cell; /.e., follicular epithelium; G.V., Golgi vacuoles; 
nu.b., nucleolar bud. 

closely similar to that of those in the oocytes. In the early nurse- 
cells not yet separated into nutritive chambers the vacuoles 
have already increased in size and are conspicuous in both fixed 
and neutral red preparations ; they are situated chiefly in the 
vicinity of the nucleus but may also occur in the cytoplasm 
towards the periphery (fig. 12, PI. 14). With the growth of the 
cells they increase in size and number, and in the mature nurse- 
cells many are equal in size to the larger vacuoles observed in 
the oocytes before the onset of yolk-formation (fig. 18, PI. 14). 
They are present in all the fully formed nutritive chambers and 
are, no doubt, carried into the egg by the cytoplasmic flow 
described in a former contribution (14). Although a large 
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amount of material was examined, in these two species the 
Golgi vacuoles were not seen passing through the connexion 
from the nutritive chamber to the oocyte, but this must take 
place as the nurse-cells are finally absorbed by the developing 
e S8- 

An examination of the Allantus pallipes material 
showed that the phenomena associated with the Golgi vacuoles 
and yolk-formation were similar to those of the other two species 


Text-fig. 2. 



I I... 1—1 
’01 mm 

From Allantus pallipes, showing Golgi vacuoles situated in 
connexion between nutritive chamber and oocyte, o.e., chamber- 
oocyte connexion; other lettering as in fig. 1. 

of saw-fly described. Only one point of difference was noted : 
in the young oocytes the Golgi vacuoles lie more towards the 
periphery and become most numerous in the posterior part of 
the egg, thus leaving a comparatively clear space around the 
nucleus (Text-fig. 1). In two cases Golgi vacuoles appeared to 
be passing through the connexion from the nutritive chamber 
to the subjacent oocyte (Text-fig. 2). 

To summarize: small Golgi vacuoles are present in the un¬ 
differentiated cells at the proximal end of the ovarioles ; these 
increase in size in both oocyte and nurse-cell and ultimately 
give rise to the fatty yolk-globules of the mature egg; the Golgi 
vacuoles of the nurse-cells pass into the subjacent oocytes at 
a certain stage of oogenesis. 
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2. Golgi vacuoles in follicular epithelial cells. 

The neutral red material revealed the existence of a number 
of brightly staining vacuoles situated in certain follicular 
epithelial cells (fig. 9, PL 14). 

These cells were not evenly distributed but appeared to be 
present in groups throughout the follicular epithelium, being 
most n um erous at the junction between nutritive chamber and 
oocyte. In the cells toward the posterior end of the ovarioles 
the n um ber of these bodies within a cell was not so great, one 
or two large vacuoles being shown near the nucleus (fig. 10, 
Pl. 14). For these examinations osmic methods were not found 
as satisfactory as vital staining, but in a few cases the vacuoles 
after osmication were represented as dark bodies certainly 
similar in appearance to the Golgi vacuoles already described. 
They were also revealed in Da Pano material. These bodies are 
Golgi vacuoles but are not chemically identical with those of 
the nurse-cells and oocytes as evidenced by their affinity for 
neutral red. 

3. Golgi vacuoles in follicle cells. 

An examination of the follicle cells of the older oocytes in 
Mann-Kopsch preparations revealed the presence of small 
bodies similar to the Golgi vacuoles of oocyte and nurse-cells, 
and situated for the most part around the nuclei. These Golgi 
vacuoles were small and difficult to distinguish; they were 
shown best in Allantus pallipes material, where they 
appeared to be slightly larger and more numerous than in the 
other species (Text-fig. 8). Owing to the presence of vacuoles 
in the follicular epithelium and in the oocytes, these Golgi 
vacuoles could not be differentiated with certainty by means 
of vital staining. 

4. Mitochondria. 

The mitochondria do not appear to play an important part 
in either the oocytes or nurse-cells. In stained Mann-Kopsch 
preparations they can be distinguished with difficulty as dots 
around the nuclei of the early cells (figs. 8 and 5, PL 14); in 
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the oocytes they become scattered through the ooplasm but 
cannot be followed in the late stages owing to the presence of 
yolk-globules. In the nurse-cells they appear to remain in the 
vicinity of the nucleus for a longer period, although many occur 
scattered in the cytoplasm (fig. 13, PI. 14). 

5. Nucleolar extrusions and albuminous yolk- 

formation. 

The Thrinax mixta material fixed in corrosive acetic and 
subsequently stained in Mann’s methyl-blue eosin revealed some 


Text-fig. 3. 



•0/m.m. 

Follicle cells of Allant-us pallipes, showing Golgi vacuoles round 
nucleus, nu., nucleus; other lettering as in fig. 1. 

remarkable facts in connexion with the nucleolar extrusions. 
While these phenomena bore a resemblance to the. condition in 
the sister species, Thrinax macula, previously described 
by the writer (4), there are certain points of difference which are 
worthy of note. Thus the early oocytes contained a single 
basophil nucleolus of small size (fig. 15, PI. 15), while in the 
oocytes slightly older, but not yet fully separated from the 
nurse-cells, an oxyphil nucleolus or plasmosome was present. 
The latter was not observed to arise by a process of differentia¬ 
tion from the basonucleolus as in Thrinax macula (4), but 
when present in the young cells was usually found in close 
proximity to the basophil nucleolus. In many instances this 
early stage was marked by the presence of vacuoles in the plas¬ 
mosome and by buds outside it (fig. 16, PI. 15), thus showing 
that budding commences shortly after the appearance of the 

a a2 
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oxyphil nucleolus. Later, the hasonucleolus, although still 
comparatively small, is seen to contain vacuoles (fig. 17, PI. 15) 
"which in all probability are the beginning of basophil extrusions. 
At this stage the plasmosome is active and in many cases a large 
oxyphil body is present which apparently has originated from 
it (fig. 21, PI. 15). 

In oocytes just before yolk-formation the oxyphil nucleolus 
is very active, oxyphil emissions being budded off and many of 
the latter occurring close to the nuclear membrane (fig. 18, 
PI. 15). At this stage the basonucleolus is represented as a 
basophil body surrounded by slightly oxyphil material (fig. 21, 
PI. 15). The basophil nucleolus was not observed liberating 
buds, but owing to its vacuolated appearance and to the presence 
of numerous basophil bodies surrounded by an oxyphil margin, 
there is no doubt that this process takes place. In a few cases 
large masses of oxyphil material were observed in the ooplasm 
and these contained a rounded basophil mass similar in appear¬ 
ance to the baBophil nucleolar extrusions. One of these masses, 
is shown in fig. 18, PI. 15, together with a small body on the 
outside of the nuclear membrane; the latter is obviously an 
extrusion from the basonucleolus. The large body in the 
ooplasm is apparently a basophil extrusion undergoing some 
chemical change, causing the surrounding substance to become 
oxyphil. This supposition is borne out by the presence in the 
ooplasm of oxyphil bodies containing very faintly stained baso¬ 
phil material which appeared to be undergoing disintegration 
(fig. 19, PI. 15). Prom the foregoing it would seem safe to 
conclude: (1) that the basophil extrusions, after passing through 
the nuclear membrane, undergo a change, the reaction causing 
the ooplasm in the immediate vicinity to become oxyphil ; (2) 
that the basophil material finally becomes dissolved ; this latter 
process being followed by the disappearance of the oxyphil 
substance. 

The basonucleolus and basophil buds were observed in the 
older oocytes after the onset of yolk-formation (fig. 20, PI. 15), 
but in no case were the extrusions seen outside the nuclear 
membrane. The oxyphil nucleolus when shown at this stage 
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appeared to be breaking up or giving rise to numerous buds, 
some of which occurred close to the nuclear membrane (fig. 20, 
PI. 15). 

Although this material did not reveal the presence of oxyphil 
emissions in the ooplasm all the observed facts point to such 
extrusion. Furthermore, a stained Mann-Kopsch preparation 
contained a small body in the ooplasm exactly similar in appear¬ 
ance to what was, in all probability, an oxyphil bud situated in 
the nucleus (fig. 6, PI. 14), and in two other cases the same type 
of body was observed in stained Mann-Kopsch preparations of 
Allantus pallipes (fig. 25, PI. 15). It should be borne in 
mind, however, that the appearance of the nucleoli presented 
in Mann-Kopsch material should not be greatly stressed, as, 
obviously, confusion might arise between basophil and oxyphil 
emissions. The bodies observed in the present case showed no 
resemblance to basophil extrusions and consequently would 
appear to lend weight to the opinion previously expressed by 
the writer (4) that the oxyphil buds of Thrinax macula and 
Allantus pallipes pass through the nuclear membrane, the 
difficulty of their detection in the ooplasm being due to their 
speedy dissolution. 

The formation of the albuminous yolk commences shortly 
after the appearance of the basophil extrusions in the ooplasm. 
There is no evidence that either basophil or oxyphil emissions 
are directly transformed into yolk, but it would seem probable 
that the albuminous yolk-globules are formed as the result of 
an interaction between one or both types of extrusion and the 
cytoplasm. 

To summarize: a basophil nucleolus is present in the early 
oocyte, and, later, a plasmosome appears; both basophil and 
oxyphil nucleoli give rise to emissions ; the basophil type were 
observed in the ooplasm and there they undergo disintegration ; 
the oxyphil emissions were not observed outside the nuclear 
membrane, but the evidence favours the view that they are 
extruded to the ooplasm; the basophil extrusions therefore, 
in all probability, play a part in albuminous yolk-formation, and 
the same may prove true for the oxyphil emissions; the 
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‘ vacuolated ’ appearance of many of the albuminous yolk- 
globules appears to be correlated with their increase in number. 

Y. Discussion. 

The phenomena described above show clearly that the dark 
osmophil Golgi bodies of the Maun-Kopsch preparations are in 
reality vacuoles with a chromophilio rim. These vacuoles appear 
to be similar to those described by Nath for the spider, Grosso- 
priza lyoni (11) and the Chilopod, Otostigmus feae 
(12). The present writer, however, is inclined to regard them 
as vacuoles with the original Golgi element forming the cortex. 
It has been shown conclusively by Gatenby (2) and others that 
Golgi body and vacuole become separated during spermato¬ 
genesis ; hence the vacuole is a derivative of the Golgi body and 
not identical with it, as claimed by Parat. In oogenesis it 
would appear then that the Golgi element and vacuole remain 
in association. 

In the species of saw-flies described here, it is evident that 
the Golgi vacuoles increase in size and finally give rise to the 
fatty yolk-globules. The process, in all probability, is one of 
growth and deposition of free fat inside the vacuoles, as claimed 
byNathfor Crossopriza and Otostigmus. Atacertain 
stage the number of Golgi vacuoles in the oocyte is increased 
by the passage into it of those from the nurse-cells. 

Certain appearances would seem to suggest that fusion of 
Golgi vacuoles takes place, but this, however, was not observed 
in fresh material stained with neutral red. The suggestion is 
advanced only as a possible explanation of how larger vacuoles 
may be formed, though growth undoubtedly occurs at the same 
time. Again, the fatty yolk-globules in the fully formed eggs 
are not so numerous as the Golgi vacuoles in the younger 
ooeytes, and, although certain vacuoles remain unchanged, these 
do not appear to be sufficient to account for their greater number 
in the earlier stages. 

The nucleolar phenomena of Thrinax mixta resemble 
those of the sister species, Thrinax macula, previously 
described (4), but there are certain points of difference. In the 
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former species the nucleolus of the early oocytes is basophil, 
with an oxyphil nucleolus appearing later, which, however, was 
not observed to arise by differentiation from the original baso¬ 
phil nucleolus as in Thrinax macula. The presence in the 
ooplasm of several basophil bodies surrounded by oxyphil 
material is sufficient evidence to show that these bodies pass 
through the nuclear membrane. The basophil substance 
becomes less marked, dissolving finally and leaving the entire 
body oxyphil; the latter, however, disappears before _jyolfc— 
formation commences. This process is clearly similar to that 
described by Nath for Lithobius (8), where the nucleolar 
extrusions become amphophil and finally acidophil. 

These large masses of nucleolar origin appear to be peculiar 
to Thrinax mixta as they were not observed in the other 
species of saw-flies in which nucleolar phenomena have been 
described (Gresson, 4). 

The absence of oxyphil extrusions is probably due to their 
immediate dissolution in the ooplasm. Reliance cannot be 
placed on the apparent oxyphil extrusions shown in Mann- 
Kopsch preparations of Thrinax mixta and Allantus 
pallipes, as these may have been basophil buds which had 
undergone some change. 

The facts revealed in the present investigation do not indicate 
that either type of nucleolar bud gives rise to fat globules, as 
claimed by Rao (15), for the oxyphil emissions of the lemur 
Loris. 

The nucleolar origin of albuminous yolk has been claimed 
by several workers, but it should be borne in mind that certain 
investigators believe that the Golgi bodies have some responsi¬ 
bility for its origin. In the case of the saw-flies described in the 
present paper there is no evidence to indicate that the Golgi 
vacuoles play any part in albuminous yolk-formation ; on the 
other hand, it appears highly probable that one or both types of 
nucleolar extrusion are concerned with this process. 

Particular attention ought to be directed to the fact that the 
Golgi vacuoles, described by Hibbard (6) as giving rise, to 
albuminous yolk, stained with neutral red, whereas those 
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observed by Nath (11 and 12) and the present writer did not 
stain but remained as clear vacuoles. This indicates a chemical 
difference between the two types. It is also of interest that two 
kinds of Golgi vacuoles, from the criterion of their reaction to 
neutral red, occur in the saw-fly ovariole ; one, the unstainable 
vacuole of oocyte and nurse-cell, and the other, stainable, of 
the follicular epithelial cells. 

There seems little doubt that the remarkable ‘ vacuolated ’ 
appearance which the albuminous yolk-globules assume shortly 
after the commencement of yolk-formation is intimately corre¬ 
lated with the growth and multiplication of these globules, and 
evidence of such is presented by their rapid increase and by the 
disappearance of the f vacuoles ’ or droplets in the fully formed 
eggs. 

VI. Summary. 

1. The Golgi vacuoles observed during the oogenesis of certain 
saw-flies were revealed by vital staining, osmic, and silver 
' methods, in the undifferentiated cells at the proximal end of the 
ovarioles. After the differentiation of the nurse-cells and oocytes 
they increase in number and size. Later, those of the nurse-cells 
pass into the subjacent oocyte. 

2. The Golgi vacuoles of the oocyte are converted into fatty 
yolk by the deposition of fat within the original vacuole. 

3. Golgi vacuoles were revealed in the follicular epithelium 
and follicle cells ; their function was not determined. 

4. The mitochondria do not appear to play an important part 
in oogenesis. 

5. In Thrinax mixta both oxyphil and basophil nucleolar 
buds occurred, the latter being observed as extrusions in the 
ooplasm. It is probable that the oxyphil buds also pass through 
the nuclear membrane. The nuclear phenomena of this species 
more closely resemble those of Thrinax macula than those 
of Allantus pallipes. 

6. The phenomena associated with the oocyte nucleolar 
extrusions of Thrinax mixta, together with the facts 
observed previously in Thrinax macula and Allantus 
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p a 11 i p e s, indicate that at least one type of nucleolar extrusion 
(basophil) takes part in the formation of albuminous yolk; both, 
however, may ultimately be shown to play this part. The 
‘ vacuolated ’ appearance of many of the albuminous yolk- 
spheres is apparently connected, in some way, with their 
increase in number. 

VII. Conclusions. 

1. Fatty yolk in saw-fly oogenesis is formed by the conversion 
of the Golgi vacuoles. The properties and role of the Golgi 
vacuoles agree with those described for the invertebrates, 
Crossopriza and Otostigmus; they differ in staining 
properties from those of the vertebrate, Discoglossus, 
where they are stated to be converted into albuminous yolk. 

2. Albuminous yolk is formed from basophil nucleolar 
extrusions, and possibly also from the oxyphil extrusions, 

8. The characteristic * vacuolated ’ appearance of many of 
the albuminous yolk-globules does not appear to have been 
previously recorded in invertebrate oogenesis. 

4. It seems probable that the original Golgi element is repre¬ 
sented by the cortex of the vacuoles of oocyte and nurse-cell. 

5. The Golgi vacuoles of the follicular epithelial cells differ 
in staining properties from those of oocyte, follicle cell, and 
nurse-cell. 
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Addendum. 

Since this paper went to press Nath and Mehta have pub¬ 
lished a fuller account of the oogenesis of Luciola gorhami 
(‘ Quart. Journ. Micr. Sci.’, vol. 78,1929). Owing to the rapidity 
with which the Golgi vacuoles of the female primordial germ- 
cells blacken in 2 per cent, osmic acid, these workers conclude 
that the vacuoles contain free fat at an earlier stage than 
previously described for Otostigmus and Crossopriza. 

In the ease of the saw-flies dealt with in the present paper the 
staining reaction to neutral red would indicate that the vacuoles 
of the early oocytes and nurse-cells contain some free fat. These 
vacuoles, which give origin to the fatty yolk, remain unstained, 
while those described by Hibbard for Discoglossus (pp. 859- 
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60) and for certain Teleosts (‘ Journ. Anat.’, vol. 61, 1927) as 
giving rise to ordinary yolk, are coloured by neutral red. The 
faint stain which some of the fatty yolk vacuoles appeared to 
possess after long immersion in neutral red (see p, 851) is prob¬ 
ably due to the deeply stained surrounding ooplasm. 

EXPLANATION OF PLATES 14 AND 15. 

The drawings were made by means of a Zeiss camera lucida 
and a Watson 4 Service * microscope. For all figures a Reichert 
^ objective was used. The eye-piece was a Hawksley No. 4 x 10. 

Lettering. 

AY, albuminous yolk; b.n., basophil nucleolus; b.n.b., basophil 
nucleolar bud; follicular epithelium; f.c., follicle cell; G. F., Golgi 
vacuole; M., Mitochondria; n., nucleus ; nu., nucleolus ; nu.b., nucleolar 
bud; nu.e., nucleolar extrusion; o.b., oxyphil body; o.n., oxyphil 
nucleolus; o.n.b., oxyphil nucleolar bud; oo. } ooplasm; v.ay., vacuolated 
albuminous yolk. 

Plate 14. 

Pigs. 1, 3-6, and 11-13 from Thrinax mixta. Pigs. 2, 7-10, and 14 
from Thrinax macula. 

Pig. 1.—Undifferentiated cells at anterior end of ovariole, showing small 
Golgi vacuoles. Mann-Kopsch. 

Pig. 2.—Undifferentiated cells. Neutral red. 

Pig. 3.—Early oocyte at anterior end of ovariole, showing Golgi vacuoles 
and mitochondria. Mann-Kopsch. 

Pig. 4.—Slightly older oocyte. Mann-Kopsch. 

Pig. 5.—Later oocyte not fully separated from nurse-cells, showing in¬ 
crease in size and number of Golgi vacuoles. Mann-Kopsch. 

Pig. 6.—Part of more fully formed oocyte. The Golgi vacuoles have 
increased in number and spread through the ooplasm. Nucleolar extrusion 
is shown in the ooplasm. Mann-Kopsch. 

Pig. 7.—Early oocyte not fully separated from liurse-cells. The nucleus 
and cell are larger than in the corresponding stage in the fixed material. 
Neutral red. 

Pig. 8.—Golgi vacuoles round nurse-cell nucleus. Neutral red. 

Pig. 9.—Pollioular epithelial cell showing Golgi vacuoles. Neutral red. 

Pig. 10.—Follicular epithelial cell situated towards posterior end of 
ovariole, showing two large Golgi vacuoles. Neutral red. 

Pig. 11.—Showing Golgi vacuoles in decolorized Mann-Kopsch 
.material. 
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Fig, 12.—Nurse-cells at anterior end of ovariole. Mann-Kopsch. 

Fig. 13.—Nurse-cell from fully formed nutritive chamber. Mann- 
Kopsch. 

Fig. 14.—Late oocyte, showing Golgi vacuoles, fatty yolk and albu¬ 
minous yolk. Neutral red. 

Plate 15. 

Figs. 15-22 and 24 from Thrinax mixta. Fig. 23 from Thrinax 
macula. Fig. 25 from Allantus pallipes. 

Fig. 15.—Early oocyte, showing basophil nucleolus. 

Fig.. 16.—Later stage, oxyphil, and basophil nucleolus present; the 
former giving rise to buds. 

Fig. 17.—Showing oxyphil body which has originated from the oxyphil 
nucleolus. 

Fig. 18.—Oocyte before yolk-formation. Oxyphil and basophil nucleolar 
buds shown; basophil extrusion outside nuclear membrane; large basophil 
body surrounded by oxyphil material shown in ooplasm. 

Fig. 19.—Oocyte before yolk-formation. Oxyphil body with faintly 
basophil granules shown in ooplasm. 

Fig. 20.—Oocyte after yolk-formation. Basophil nucleolus and bud; 
oxyphil nucleolar bud present. 

Fig. 21.—Oocyte before yolk-formation showing basophil nucleolus and 
oxyphil buds. 

Fig. 22.—Early stages of yolk-formation. Mann-Kopsch. 

Fig. 23.—Later stage of yolk-formation, showing vacuolated albuminous 
yolk. Mann-Kopsch. 

Fig. 24.—Later stage of yolk-formation. Mann-Kopsch. 

Fig. 25.—Nucleolar extrusion outside nuclear membrane. Mann- 
Kopsch. 
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The gills of Pec ton have boon the subject of much study, 
their structure being particularly described by Bidgowood 
(1908), Kellogg (1915), and Dakin (1909). Howovor, there are 
structures of profound physiological importance present in the 
gills ‘which apparently have so far remained unnoticed, while 
data are lacking concerning the neuromuscular mechanism 
which leads to a definite and orderly distribution of food 
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material on the gill surfaces. Further, there are only casual 
references to the sensory reactions of the gill, without which an 
adequate understanding of their function is impossible. My 
own observations disagree with those of Kellogg (1915), who 
writes, ‘ Extensive movements of the gills of Yoldia have been 
described by Drew (1899) and the writer (1890) in which organs 
there are well-developed muscles, but in the Pecten gill and 
others also capable of extensive movements such muscles are 
absent.’ 

A preliminary survey of the living gill suggested the existence 
of a neuromuscular mechanism more complex than is indicated 
from known histological structure. The present work constitutes 
an attempt to analyse the behaviour of the gill and to correlate 
this with its histology. 

The problem was suggested to me by Mr. Gray. The earlier 
part of the work was carried out under him and later under 
Professor Gardiner. To both these gentlemen are due my 
acknowledgements for their kindly aid and criticisms, and I 
wish to express my thanks to the University for allowing me to 
occupy their table at the Marine Biological Station at Plymouth 
during part of a summer. My thanks are also due to Dr. Allen 
(Director), Dr. Orton, and other members of the staff for their 
courtesies to me. 

A. Physiology. 

(a) Eesponses of the Gill in situ. 

Pecten exhibits a very simple type of reflex activity, the 
animal responding to all forms of stimulation by the snapping 
of its shell valves. The response is purposeful, often resulting 
in the ejection of large quantities of food matter and also of 
waste material. If the branchial nerve or the palial nerve of the 
mantle is stimulated, the gills respond by shortening their long 
axis; they are drawn forwards by the contraction of the 
ctenidial muscle. When the stimulation is vigorous, the 
immediate diminution in the extent of the gill is about one- 
third its original length; the foot at the same time is retracted 
and only subsequently does the adductor-muscle contract. 
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TMs sequence of events is observed by removing one of the 
shell valves, leaving the animal under water and observing the 
gills and the foot. After the branchial-adductor cycle, recovery 
is immediate; the adductor-muscle relaxes first, followed 
immediately by the relaxation of the gill-muscles. 

Text-fig. 1 . 




CjiLL. 


Record of response to gentle stimulation on the mantle, resulting 
in the branohial-adduotor oyole. For explanation see text. 

A kymographic record of the movements of the gill and 
adductor-muscle is given (Text-fig. 1). The lower curve repre¬ 
sents the gill, the upper the adductor. 

The whole cycle can be induced by stimulating either the 
branchial nerve or the sensory nerves of the mantle (via the 
palial network). 

There is, on the mantle, a well-organized arrangement of 
excitability; the regions which are particularly sensitive are 
the anterior and posterior regions of the mantle, where a gentle 
stimulation calls forth the branchial-adductor cycle; the faeces 

b b 2 
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and food particles that fall on the mantle are carried by the 
ciliary tracts on the mantle to the anterior and posterior sensi¬ 
tive regions, where they furnish the mechanical stimulation for 
this response. If the main branchial nerve is cut (lext-fig. 8 a;), 
the adductor cycle can be induced, but there is no movement of 
the gills. 

This response of the animal is a very specialized feature, and 
is an extremely important factor for the protection of the gills. 
This is manifest in the arrangement of the muscular and nervous 
tissues, and is a necessary consequence of the functional activity 
of these elements. 

(b) Responses of the Excised Gill. 

Data in connexion with the sensory physiology of the gills 
of Pec ten are extremely meagre, whereas their functions can 
only be understood by a thorough analysis of the various move¬ 
ments and sensory reactions of both the gills and the palps, and 
the relation of these important properties to their histological 
structure. 

The gills of Pecten maxim us exhibit incessant contrac¬ 
tions which seem co-ordinated in the case of the demibranchs on 
each side. The extreme sensitiveness of the gills is remarkable, 
for these structures are capable of responding not only inde¬ 
pendently of the brain and visceral ganglia, but also when 
removed from and quite independent of the body. When they 
are separated from the body they continue to exhibit great 
sensitivity and respond for two or three days after their removal; 
they resemble, in this respect, the tentacles of Actinians 
(Parker, 1917), which when separated from the body of the 
parent continue to carry out their various activities. 

If the gill is cut vertically along its length into several pieces 
and left under a current of sea-water, each piece continues to 
respond like the entire gill in all details just as under normal 
circumstances ; all the different movements being reproduced 
by the excised pieces. This fact suggests that the highly co¬ 
ordinated movements of each ctenidium or each piece of gill 
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depends on a local mechanism and does not require the inter¬ 
action of the centralized nervous system. Such aotivity is 
exhibited either by muscles which act independently, or under 
the influence of localized nervous mechanism. In the Pec ten 
gill it is almost certainly due to the latter cause, in view of the 
intimate relationship of muscular and nervous tissue. Since 
Englemann (1869) published his work on the Rabbit’s ureter, 
the phenomenon of rhythmical spontaneous movement has been 
observed in a large number of smooth muscle preparations. 
Contraction of smooth muscle by direct stimulation is quite 
common. Lewis and Lewis (1917) demonstrated this in the 
amnion of the chick embryo. The smooth muscle-cells undergo 
contraction as early as the fourth day, when there is no nerve 
supply whatever. 

Burrows (1912) showed that very small pieces of heart- 
muscle from embryos of the chick continued to beat in blood- 
plasma for as long as thirty days, and the cells in this mass 
divided and separated from the rest of the tissue and beat 
rhythmically. In the case of the vertebrate heart, it has boon 
recognized that though the heart-beat is inhibited and accele¬ 
rated by nerve impulses, the maintenance of its rhythm is inde¬ 
pendent of its nerves. 

The movements of the Pec ten gill persist for several hours 
even after they have been separated from the body and cut 
vertically into pieces. Such autonomous organs are generally 
regarded as possessing a nerve-net, that is, a tissue in which 
there is protoplasmic continuity between the nerve-fibres and 
nerve-cells; this property is associated with the power to con¬ 
duct impulses in all directions. Bethe (1908), who investigated 
Rhizostoma, described elongated ganglion-cells with several 
nerve-fibres which anastomose with the processes of neighbour¬ 
ing cells. Parker writes: ‘ As a result of the intimate relation 
usually existing between the nerve-not and the muscles that it. 
controls, most organs that are provided with this typo of neuro¬ 
muscular organization exhibit an extreme degree of autonomy. 
This is perhaps one of the most striking features associated with 
the nerve-net. It is well illustrated by such an organ as the 
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tentacle of the sea anemone, the autonomy of which was long 
ago recognized by von Heider (1897).’ 

Another portion of the vertebrate body that exhibits auto¬ 
nomy and at the same time possesses a nerve-net is the digestive 
tube, especially the small intestine, between the two muscular 
coats of which is a network of nerve-fibrils, i. e. the plexus of 
Auerbach. If a portion of the gut-wall is separated into two 
parts, that portion which includes the myenteric plexus only 
will respond. 

(c) Response of the Gills to Mechanical Stimula¬ 
tion. 

1. Concertina action of gill lamellae following mechanical 
stimulation. 

If the gill is stimulated mechanically either by touch or by 
the presence of a few particles of carmine, two very distinct 
reactions follow. 

(а) If the frontal surface of the gill is lightly touched with 
a needle, or if a few particles of carmine are placed on its surface, 
the two lamellae move towards each other (Text-fig. 2). I shall 
term this the shutting response. The extent of this reaction is 
apparently proportional to the strength of the stimulus. If the 
latter is strong the response is instantaneous, the lamellae 
moving towards each other very actively, while the contraction 
extends to the filaments in both directions along the gill. If 
the stimulus is weak only the filaments directly affected are 
involved. 

(б) If a pinch of carmine particles is placed on a lamella, a 
variation of response occurs. The lamellae instead of moving 
towards one another first separate slightly further, so that the 
positive reaction changes to negative ; evidently in this case the 
muscles are differently excited to produce this reaction. This 
separation of the lamellae is referred to as the opening response, 
and both the opening and shutting responses which go on quite 
regularly in nature as a result of stimulation by food particles 
is described as the 4 concertina action \ 

A point of special importance is the fact that it is usually the 
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lamella which is not touched which moves towards the one 
stimulated. This type of response calls to mind the responses 
of the siphons (Hecht, 1918), where stimulation of the inside of 
one siphon results in the closure of the other, the stimulated 
siphon remaining wide open while the sphincter of the other 
siphon is called into play (crossed responses). 

The most sensitive parts of the gills are those which correspond 
to the distribution of the main nerve-trunk, i. e. the branchial 
nerve. The response of the gill to mechanical stimulation is not 

Text-ito. 2 . 



Diagram showing the behaviour of lamellae on being mechanically 
stimulated with carmine particles, shown as minute dots. 

impaired by severing the connexions with the brain or by 
cutting the gill vertically into pieces, but if the branchial nerve 
is cut away, stimulation fails to call forth the * concertina action’. 
This is further seen in the extreme anterior portion of the gill 
which is devoid of the main branchial nerve and is the least 
excitable portion. "When the gill is divided into two parts by 
a cut at Y (Text-fig. 8), the part A shows no ‘ concertina action ’ 
on stimulation, whereas the part B shows these movements as 
before. 

2. Flapping action of the individual principal filaments. 

Besides the ‘ concertina action ’ described above, the gill 
lamellae show a curious flapping action which is not dependent 
on the main nerve-trunk ; excision of the main branchial nerves 
does not bring about a cessation of this response. In such cases 
the ‘ concertina action ’ ceases. 

The flapping movements are due entirely to the principal 
filaments. Isolated principal filaments when examined under 
the binocular microscope, being gently touched with a fine glass 
tube, respond by twisting themselves and moving their sides 
up and down at right angles to their length like the flapping 
movements of a bird’s wing. The movement is powerful. 
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characteristic, and the response immediate; the ciliary discs 
are the most active regions and if to the principal filament are 
attached any ordinary filaments they also are carried up and 
down mechanically. When ordinary filaments, cut away from 
the principal filaments, are stimulated, there is no response. 
It is therefore clear that the movement of these intervening 
filaments in the entire gill is mechanical, as the removal of 
principal filaments render the ordinary filaments motionless. 

It matters little whether the stimulus is applied at the ends, 
in the middle, or near the sides, the response is immediate and 
the duration of the response extends for several seconds beyond 
that of the stimulus. Such isolated principal filaments continue 
to show activity for several hours and are capable of being 
stimulated by agitation and by drops of water which are allowed 
to fall upon them. In an attached gill very weak stimuli will 
call forth this response. If the stimulus is slightly stronger the 
4 concertina action ’ comes into play. 

I have already mentioned that severing the main branchial 
nerve produces no appreciable effect on the excitability of the 
principal filaments; this means that, like the tentacles of 
Metridium, they have within their structure a nervous 
mechanism for an unusual degree of autonomy. 

In the principal filaments this characteristic is dependent on 
the presence of nerve-cells on either side of the chitinous tube 
(w, fig. 2, PL 16). On the application of methylene-blue these 
cells present a picture that looks very much like a nerve-net; 
nothing, however, can definitely be said regarding the relation 
of these to one another, because in my very rare successful 
preparations the methylene-blue did not sufficiently differentiate 
the various elements as to render the form and arrangement of 
the cells obvious ; moreover, such preparations can be watched 
only for a few minutes, and it is not possible to say whether the 
cells with their branches form an intimate anastomosis like that 
figured by Bethe (1903). Another difficulty in such cases is to 
decide which of the processes arising from a nerve-cell is the 
axone. There is in connexion with the stratum of nerve-cells 
on the gill-axis, a felt of very fine fibres which can easily be 



GILL OP PEOTEN 


878 


followed (fig. 3, PI. 16 ); these, in some eases, are very closely 
applied to the axones of the bipolar and multipolar cells. In 
such cases it becomes impossible to decide whether there is 
protoplasmic continuity or merely physical contact. Direct 
tests of the transmission of nervous impulses could be carried 
out, because of the form and structural modifications of the 
principal filaments. In the functioning gill the movement of the 
filaments vary in the different parts of its length. In some 
regions the gill concertinas its lamellae, whilst in others it shows 
flapping movements of its principal filaments. The full move¬ 
ments appear irregular and quite devoid of rhythm, being in 
reality dependent on the nature and size and on the position of 
the stimulating bodies either naturally carried into the mantle 
chambers or artificially set on the gills during the experiments. 

Different species of Pec ten manifest different degrees of 
sensitiveness to touch stimuli which in the case of P. maximus 
is exceedingly high and in P. tigrinus is very low, 

(d) Responses of the Gill to Chemical Stimulation. 

Dakin (1910) performed experiments on Pec ten with 
osphradium destroyed; but, as the extent of the structure was 
not then well known, and since in his experiments he failed to 
remove the entire organs, it is possible that the responses he 
observed misled him in his interpretation. Experiments of 
very simple nature were performed by me to test the sensitive¬ 
ness of the gills with a number of substances, such as alcohol, 
clove-oil, picric acid, hydrochloric acid. Weak solutions of these 
were discharged through a fine capillary pipette into the various 
regions of the gills. On the application of these in the region of 
the osphradial ridge there was a slight mechanical disturbance ; 
other parts of the gills are very much less sensitive to relatively 
stronger solutions. Sea-water and star-fish extract discharged 
into the various regions did not induce any noticeable response. 
It is evident from these experiments that the gill is sensitive 
to chemical stimulation and by means of the osphradium 
is capable of detecting slight changes in the surrounding 
medium, or, like the olfactory organs of the fish, serving to test 
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the chemical nature of the water that passes over it, relates 
the organism to its environment. 

It might be mentioned that the continuation of the osphra- 
dium on the gill-axis on each side seems anatomically to be well 
adapted to receive such stimuli because the gills are the first 
structures which come into direct contact with the water- 
current flowing either through the gills or over them. 

B. Histology. 

The reactions of the gill, described above, lead to the con¬ 
clusion that there must exist nervous and muscular elements 
which have escaped the notice of previous observers. The 
behaviour of the living gill points to the presence of sensory cells 
on the ctenidial axis and on the frontal surface of the gill. These 
elements must be associated with muscular elements responsible 
for the movement of the gills themselves, and at the same time 
must be associated with the mechanism responsible for the 
adductor-muscle cycle. In addition to this localized branchial 
complex, there must be a nervous connexion between the mantle 
and the gills whereby stimulation of the former induces a con¬ 
traction of the ctenidial axis. 

The following species were examined histologically: P. 
maximus, P. opercularis, and P. tigrinus. Most 
of the histological and experimental observations were confined 
to the first species on account of its large size. 

In working out the histological details many different methods 
were employed, but no particular method could be singled out 
as being the best; many were entirely unsuccessful. 

Most of the well-known fixatives were employed and after 
a trial were discarded in favour of a modification of Bouin’s 
(Duboscq) fluid which was made up as follows : 

Sat. sol. picric acid in 70 per cent, alcohol . 2 parts. 

Sat. sol. corrosive sublimate . . .1 part. 

40 per cent, formalin .... 1 part. 

Glacial acetic acid.1 part. 

The well-known silver and gold methods were also tried in 
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an attempt to demonstrate the finer fibrillar endings, but the 
results were not good. 

(a).The Ctenidial Axis., 

The ctenidial axis is clearly built up of muscular and connec¬ 
tive tissue; on the outside is the usual epidermis formed of a 
single layer of cells. In this layer sensory cells occur in very 
large numbers, the cells differing from the ordinary epithelial 
cells in that they are slightly larger and possess a bundle of fine 
cilia much longer than the cilia of the ordinary epithelium. 
These sensory cells, at their deeper ends, are connected with 
nerve-fibres in the nervous layer which is well differentiated 
below the epithelium on both sides of the axis. In this layer 
are found scattered at frequent intervals large branching nerve- 
cells (fig. 8, PI. 16) which are spindle-shaped, bipolar, and multi¬ 
polar ; the nerve elements are clearly differentiated from the 
other tissues by the very large size of their cell-bodies and by 
their large nuclei. Beneath the epidermis the nerve-fibres can 
readily be followed in frozen sections stained by the iron 
haematoxylin method; the fibres are fairly distinct and run for 
some distance and seem to anastomose in places. The different 
methods of methylene-blue adopted proved more or less unsatis¬ 
factory. Nissl’s-blue stained the nerve-cells fairly well and also 
the fibres. The presence of a nerve-plexus and of the stratum of 
ganglion-cells is clearly established. 

'Fragments of ctenidial axis, like pieces of excised gill, may 
be kept alive for several hours, and when stimulated continue 
to show slight muscular contractions and twisting. It would 
appear that when the sensory cells are stimulated, the impulse 
is transmitted to the ganglion-cells which, as seen later, I have 
reason to believe directly excite the muscle to action. The 
observed sensitivity of the ctenidial axis to direct stimulation 
is thus directly associated with the presence of a localized 
receptor mechanism. 

(V) The Gill Filaments. 

As is well known, the principal filaments are connected to their 
neighbours along the lamellae by interfilamentar junctions, as 
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also are the ordinary filaments with one another; these junc¬ 
tions in the three species described take the form of discs pro¬ 
vided with stiff cilia (c.d., fig. 2, PI. 16). Besides these ciliated 
discs, especially in P. opercularis, the ordinary filaments 
on either side of the principal filaments possess a ridge appearing 
in section as a spur turned towards the principal filaments. 
The principal filaments themselves possess lateral extensions 
(figs. 5, 6, and 7, PL 17), so that the whole system forms acces¬ 
sory interlocking arrangement and may be looked upon as an 
interesting mechanical device by means of which the flapping 
extensions on the principal filaments fit into the groove formed v 
by the spur. As already pointed out, the principal filaments are 
extremely active and are responsible for what is described as 
the 4 flapping 9 movement. It is therefore reasonable to expect 
in this region of great activity an additional device which, when 
the very active principal filaments are moving up and down, 
causes the extensions to slip into the groove and so prevents 
detachment of the filaments. The same mechanism also trans¬ 
mits movement to the inert ordinary filaments. 

Lining the chitinous tube of each gill filament there is a layer 
of endothelial cells (e.). The previous accounts of the histology, 
so far as they relate to this layer, reveal a number of contradic¬ 
tory statements and opinions. Its presence has been recorded 
by a number of authors in different Lamellibranchs. Thus 
Kellogg noted a definite lining in P e c t en and also in a number 
of forms, whereas Pelseneer, Janssens, Bidewood, and Dakin 
deny the presence of a continuous endothelium. 

My material fixed with Bouin’s fluid and stained with iron 
haematoxylin, or Dobell’s methyl-blue-eosin, shows very clearly 
the endothelial lining as a definite and continuous layer in all 
the species of Pecten. With methyl-blue-eosin the chitin 
stains blue and the endothelial lining, as well as the intra- 
filamentar septum red, and the nuclei of the endotheli um stand 
out distinctly from the red corpuscles. 

In connexion with the principal filaments are developed the 
highly vascularized respiratory expansions (r.e.p., Text-fig. 4 and 
fig. 7, PL 17) to facilitate the absorption of oxygen by the 
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blood-stream. For a detailed description of these structures the 
reader is referred to Dakin’s monograph. 

(c) Branchial Musculature. 

The histology of the muscular system in molluscs has received 
considerable attention; reference to the literature shows that 
opinion is divided with regard to the presence of cross striation 
of fibres. . Yon Ihering (1878) and Kellogg (1890, 1892) record 
the presence of cross striation in the fibres of adductor-muscles. 
Fol (1888) and Roule (1888) deny the existence of striated 
muscle-fibres, and, according to them, only smooth muscle-fibres 
are bound in the molluscs. Dakin (1909) drew attention to the 
'striped muscles in the mantle edge of P. jacobaeus and 
P. opercularis, where there are transverse striations as in 
the adductor-muscle of P e c t e n. No reference is made to the 
muscle-fibres that move the filaments. It is indeed stated by 
Kellogg that in the gill of P e c t e n, and of other Lamellibranchs 
also capable of extensive movements, muscles are absent. 
Dakin draws attention to the interesting fact that mantle- 
muscles which show obvious striations are engaged in rapid 
movement, which is also organized and related to the closing 
and opening of the shell in swimming. To these may be added 
the longitudinal ctenidial muscles (Text-fig. 4, Z.c.m.) as another 
case of connexion between striation and rapid contraction and 
relaxation, but, strange to say, such striated fibres were found 
only in P. tigrinus and P. opercularis, not occurring 
so far as I could ascertain in the ctenidial muscles of P. 
maximus. 

Besides these muscles there are in relation to the filaments two 
other sets which bring about rapid movement and these belong 
to the smooth muscle type. 

The difficulty in distinguishing muscles from connective is 
great, but the functional relation and microchemical reactions 
leave no doubt as to their muscular nature. The arrangement 
of the two sets can be best understood by a reference to Text- 
fig. 4 and fig. 9, PI. 18, and the fibres shall be referred to as the 
transverse (Z.m./.) and the criss-cross set (c.c.m.). 
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The transverse set runs transversely across the filaments, and 
its fibres are inserted on the dorsal and outer sides into the 
cbitin of the principal filaments. 

The criss-cross set lies below the filaments, and is also inserted 
into the chitin of the principal filaments; but lower, down to the 
inner sides, as their name indicates, they run in a criss-cross 
manner. 

The lamellae respond by moving towards each other; these 
movements characterize just such a group as those described 
later, and such a function is closely indicated by the direction 
of the fibres and their relation to the chitinous filaments. These 
muscles can easily be seen in sections, but the reconstruction 
of the course they take is a difficult matter, because during 
fixation the lamellae undergo some amount of distortion. 

The functional relation is somewhat as follows. The lower 
criss-cross fibres by their contraction draw the filaments to¬ 
gether; in such a condition the dorsally placed fibres are 
stretched. On the relaxation of the inner set, the mechanical 
contraction of the transverse muscles causes the lamellae to 
separate. It is possible to remove the criss-cross muscle-fibres; 
when this is done with a red-hot needle, the characteristic 
response disappears and the lamellae begin to gape. These 
fibres are usually single, and the individual fibres are large. 
They have a definite arrangement and present a wavy appear¬ 
ance. The contours and forms of the individual fibres as they 
appear under the microscope suggest both smooth muscle and 
connective tissue-fibres. 

A number of stains were employed to determine the real 
nature of the fibres. The material used was fixed in corrosive 
sublimate. 

1. Mallory’s connective tissue stain. 

The white fibres and reticulum of connective tissue stain blue 
and the elastic fibres yellow in this medium. 

Paraffin sections fixed in corrosive sublimate were stained for 
about ten minutes in a J per cent, aqueous solution of acid 
fuchsin, rinsed in distilled water and treated for two minu tes in 
1 per cent, solution of phospho-molybdic acid; they were again 
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rinsed in distilled water and transferred to the stain for about 
fifteen minutes, after which they were rapidly dehydrated, 
cleared, and mounted. After such treatment the white fibrous 
connective tissue stained light blue and the two sets of fibres in 
question stained deep red. This would indicate that the fibres 
are not composed of white fibrous tissue. 

The presence of elastic fibres was sought by means of Weigert 
resorcin-fuchsin stain, in which the elastic fibres should stain 
dark blue. 

Sections were stained overnight in the above mixture. They 
were then dehydrated quickly, cleared in xylol and mounted. 
The connective tissue in the ctenidial axis and round the 
muscle-fibres took up a dark-blue coloration, whereas the fibres 
in question appeared dull lavender-grey, and did not show any 
affinity for the stain. This would mean that the fibres are not 
composed of elastic connective tissue. The control in all these 
cases were the ctenidial muscles. 

Yan Gieson’s picro-nigrosin stains muscles yellowish green and 
connective tissue blue. Sections were therefore stained by this 
method for twelve hours, then washed in picric alcohol, rapidly 
dehydrated, cleared, and mounted. The connective tissue 
stained blue, the fibres and the ctenidial muscles green. The 
fact that the fibres in the above experiments react in precisely 
the same manner as the ctenidial muscles when subjected to the 
treatment of different stains show that they are themselves 
composed of muscle-fibres. 

Van Gieson’s picro-fuchsin stains muscles yellow and con¬ 
nective tissue red. Sections stained in this medium gave the 
above reaction. 

From these reactions and from those already described 
regarding the functional relation of the fibres, there are definite 
grounds for believing that the fibres are composed of muscle- 
tissue. In addition to these muscles there are other muscle- 
fibres which run into the interfilamentar junctions (m./., fig. 2, 
PI. 16) and also throughout the length of the principal filaments, 
and it is due to these that the principal filaments exhibit 
activity. 
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(d) Nerve Supply. 

(i) Palps—The palps were shown to be innervated by a 
branch from the cerebral ganglion (Drew, Dakin), but the definite 
course of this nerve was not worked out, and the arrangement 
and connexions of nerve-trunks in the region of the mouth 
proved to be of exceptional interest. 

Prom the anterior end of the cerebro-pleural ganglia arise 
four nerve-cords. Two of these are large and well developed. 
The inner one (c.p.c., fig. 1, PI. 16) is the commissure that joins 
the cerebral ganglia; while the other well-developed cord 
arising from the anterior pleural end is the anterior palial nerve 
(i a.p.n .). Between these two trunks arises a small nerve which 
runs parallel with the commissure as far as the mouth region, 
where it joins an enlargement which also receives branches both 
from the dorsal and ventral edges of the mouth. Prom this 
enlarged region extends a fairly stout nerve, consisting of nerve- 
cells and fibres so that nerve-cells are equally distributed along 
the whole length; this runs just below the junction of the two 
palps on either side; it sends out branches to the palps and 
near the anterior neighbourhood of the gills it splits up into 
several smaller branches, some of which are continued into the 
gills. The fourth small nerve takes its origin from the pleural 
end, runs on the outer side of the anterior palial nerve and ends 
as shown. In one individual an interesting variation occurs : 
the palp-nerve which arises between the two main nerve-trunks 
actually branches off from the small outermost nerve near the 
middle of its length; the two nerves, figured distinctly, are both 
referred to as palp-nerves (w.p.). 

(ii) Gills.—In the gills besides the scattered nerve-cells and 
the anastomosis of their fibres over the whole organ, there are 
four main longitudinal trunks (Text-figs. 3 and 4). 

The main branchial nerve arises from the visceral ganglia, 
bends ventrally and posteriorly and enters the ctenidial axis, 
each nerve supplying the gill of its own side. 

1. The branchial nerve gives origin at intervals corresponding 
to the principal filaments throughout its length to one single 
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and two pairs of nerves. The single nerve innervates the 
osphradinm. The succeeding pair of nerves run laterally and 
are continued down the blood-channels on the principal fila¬ 
ments (n./., fig. 8, PI. 17). The last pair of nerves run between 
the ctenidial muscles and outer epithelium and enters into 


Text-fig. 3. 
L.m.n. 



anastomosis with groups of ganglion-cells which represent the 
two lateral nerve-trunks. 

2. The two lateral nerve-trunks ( b.l.n .) run parallel to the 
main branchial nerve, and consist almost entirely of groups of 
ganglion-cells; these nerve-trunks are referred to as two large 
ganglia. Fibres from these are continued down on each side, 
they turn inwards below the ctenidial muscles and supply the 
principal filaments (n./.). Some fibres from these ganglia also 
seem to enter the ordinary filaments. 

The fourth nerve-trunk which arises from the brain is the 
subsidiary branchial nerve (s.n.). It runs the entire length of 
the gill and lies below the main nerve. In frozen sections stained 
by the Bielschowsky’s method, fibres from this nerve to the 
transverse muscle are easily distinguished (s.n./., fig. 9, PI. 18). 
By reason of the presence of nerve-fibres, in sections of ordinary 
filaments, considerably anterior to the three longitudinal nerves 
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described above (Text-fig. 2), it seems probable that the sub¬ 
sidiary nerve innervates these filaments as well. The supply 
from this nerve is scanty as compared with the extensive inner¬ 
vation from the main nerve-trunk. 

All attempts to determine the function of the subsidiary 
branchial nerve yielded, unfortunately, negative results. Of 
these, the following may be of interest. 

1. Immediately the shell was removed and while the gill 
lamellae were together (that being their usual condition before 
shell removal), a cut was made at x (Text-fig. 2) to see what 
influence the nerve has on the effector system of the gill. On 
gentle stimulation the lamellae moved apart as rapidly as in the 
case of the other gill in which the connexions were not broken, 
neither were the spontaneous contractions which sometimes 
occur modified in any appreciable manner. 

2. Prom one animal a gill was removed from the body and 
a comparison of its behaviour with that of the intact gill was 
made. Both the gills responded to stimulation in a similar 
manner; they opened and closed in the same amount of time 
for the first half-hour or so, later the same method of treatment 
caused the excised gill to open much quicker than the other. 
The experiment was repeated again on fresh material, but I 
was not able to obtain any very conclusive evidence for the 
existence of inhibitory activity. 

An attempt was also made to stimulate the nerve in the middle 
of its length and also near the palps; varying strengths of 
current were used, but in no case had this any observable effect. 
While its sensory function cannot be denied, another possibility 
is that the cilia on the palps and the gills may be under nervous 
control. 

Nelson (1924) in spat oysters describes the rejection of parti¬ 
cles as due to reflex erection of the ridges of the palps which 
bring into action groups of cilia which beat away from the 
mouth. 

On cutting the subsidiary branchial nerve, however, there is 
no evidence of reversal either on the gills or on the palps, nor 
does mechanical stimulation alter the direction of the ciliary 
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stroke. The function of the subsidiary branchial nerve remains, 
therefore, obscure. 

(e) The Osphradium. 

A reference to standard literature is sufficient to show that 
the organ has been extensively studied since its discovery in 
1881 by Spengel. It has been the subject of a paper by Dakin 
(1910), who described the anatomy and considered the structure 
in a comparative way in a number of Lamellibranchs with a 
review of the question of innervation. His description of the 
structure and innervation of the organ as present in the vicinity 
of the visceral ganglion is in accordance with my observations. 

As to the function he writes : ‘ The experiments made with 
the osphradia removed were unfortunately not quite conclusive 
enough. These organs, as described above, lie in close proximity 
to the visceral ganglia. An attempt was made to remove the 
sensory epithelium by scraping with a scalpel; however, since 
the osphradia are unpigmented, it was not possible to see 
whether any remains of these organs were left. The individuals, 
however, treated in this way appeared to react to the star-fish 
pulp, &c., &c. On the whole, I believe, the star-fish pulp was 
recognized by the mantle edge with its sensory tentacles and 
any action of the osphradium is very questionable.’ 

In my sections of the gill axis, the most interesting feature is 
a continuation of the osphradium in the form of a ridge on the 
gill axis (Text-fig. 4, o.). Most of the fixatives that I employed 
brought about shrinkage, distortion, and destruction, as a result, 
to the naked eye, the osphradium is scarcely visible, but there is 
never any difficulty in recognizing it under the microscope, as 
it is easily identified by its elevated nature, in stained or un¬ 
stained sections. It is a constant organ of the gill axis and for 
the reasons mentioned above has remained unrecognized so far. 
I examined this organ by the help of several sets of serial 
sections in different planes, the osphradium is seen to be con¬ 
tinued on either side of the gill axis to the extreme tip of either 
gill. It occurs in the position described in all the species of 
Pecten investigated by me, as well as in Glycimeris 

CC2 
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glyeimeris. It takes a course parallel to the main branchial 
nerve; sometimes on a level with it and at others a little below. 
It is innervated from the main branchial nerve, bundles of 
delicate nerve-fibres are given off on its side ; these arise at 

Text-fig. 4. 

I 

I 

l 



Photomicrograph of a transverse section of a portion of gill showing 
the arrangement and relation of its different parts. 


intervals and enter the structure at its base (b.n.f., figs. 9 
and 10, Pl. 18). J 

The epithelial cells of the region of the osphradi um are more 
or less columnar and consist of central cells which are somewhat 
larger than the surrounding cells. They are broader in the 
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middle, in which portion the nucleus is situated ; the basal end 
is the narrowest region and seems to be continued into a nerve* 
fibre. At their anterior ends the cells appear to be prolonged 
into stiff cilia or sensory hairs, which lie below the well-developed 
cuticle. Such cilia, and to some degree the total structure, can 
be seen in some regions, but was not demonstrable as a regular 
feature along the whole length of the organ. List (1902) defines 
the osphradial area as follows: ‘ The cells of the osphradial 
area are to be distinguished by a complete absence of cilia, a 
distinct marginal cuticle, and an increased depth.’ In P e c t en, 
according to my observations, only the last two characteristics 
are present; there are in addition to the structures described 
above well-developed sensory cells with their cilia in the osphra¬ 
dial area (s.c., fig. 10, PI. 18). 

Another feature of the osphradium in this position is the 
presence of bipolar cells. Besides the bundle of nerve-fibres from 
the main branchial nerve, the osphradium has another bundle 
of fibres running in the middle throughout its course ; these 
fibres (l.n.f., figs. 10, 11, PL 18) run below the epithelium 
parallel to the main branchial nerve-trunk, amongst its fibres 
bipolar cells occur (b.c., fig. 11, PL 18). Dakin gives a detailed 
description of the innervation of this organ. It is not my object 
to repeat Dakin’s observations, but an attempt was made to 
trace to its origin the longitudinal bundle of nerve-fibres without 
any success; this was not determinable either by dissections 
or in sections, but they must come either from the brain or from 
the visceral ganglia. 

In this connexion it might be interesting to mention Dakin’s 
view: * It is quite possible and probable that processes of some 
of the ganglion-cells concerned in the innervation of tho osphra¬ 
dium pass into the cerebral and visceral connectives in addition 
to those which enter the visceral ganglion, but it is not easy to 
follow individual fibres the necessary distanco in sections, and 
the evidence appears to show that the visceral ganglia are con¬ 
cerned in the innervation of the osphradium.’ 
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C. Gill Movements and Feeding Habits. 

As is well known, there are several ciliary currents on the 
surface of the gill. 

1. A very fast frontal system which runs up the grooves on 
the principal filaments, along the top edge of the gill, between 
the palps, to the mouth. 

2. A system of slower frontal currents which run down the 
crests on the ordinary filaments, along the free edge of the gill 
into the groove at the edge, where the particles are formed into 
slimy strings; these usually find their way on to the mantle 
from whence the accumulation is thrown out by the branchial 
adductor-cycle. 

Carmine particles dropped on the gills are thus at once sorted 
out into two definite streams, one moving towards the base and 
the other towards the edge. These directions of movement in 
agreement with the ciliary activity are not always constant, 
since certain of the larger particles may leave their course, be 
moved on to the crests and continue their course in the opposite 
direction. This act of transference being evoked by the presence 
of the large or more irritating particles on the principal filaments, 
the impulses due to their presence are transmitted up and down 
the principal filaments and the flapping movement, which is 
a very adaptative response, results. It is the most useful move¬ 
ment to get rid of the large particles, and this it evidently accom¬ 
plishes by throwing them on to the crests of the adjoining 
filaments; this activity results in a continuous arranging and 
rearranging of particles. The fine particles, which are more 
firmly held in the mucus on the principal filaments, continue 
their course uneffected; whether these would find their way 
into the mouth depends largely on the activities of the palps. 

Finally, under the influence of strong stimuli, the flapping 
movement is followed by vigorous concertina action; this strik¬ 
ing sensory response, resulting in proportionally greater activity, 
deals with the bulk of material and its primary importance is 
that it serves as an expelling force. 

The downward moving streams of food collect in the grooves 
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at the edge of the gill and are propelled anteriorly. When the 
accumulations in this position become fairly large, the gills 
twitch owing to the mechanical pull of mucus threads, so that 
the load is dislodged on to the mantle. If the string of mucus 
by any means persists in sticking to the edge, the response is 
repeated and a concerted effort seems to be made by the 
neighbouring filaments which bend in the direction of the 
stimulating body and try to dislodge it. For a more complete 
account of the ciliary currents on the gill, reference should be 
made to Kellogg’s paper. 

The data presented in the present paper seems to justify 
the view that the selective feeding mechanism of the gills of 
Pecten is not solely the result of ciliary activity, but is the 
result of a highly co-ordinated system in which ciliary, muscular, 
and nervous elements all play an important role. 

The experimental and histological data are clearly in harmony 
with each other, although no function is as yet assignable to the 
subsidiary branchial nerve, nor is it possible to demonstrate an 
exact parallel between the distribution of the diffuse receptor- 
cells on the gill-surface and the areas which respond to mechani¬ 
cal and other forms of stimulation. On the other hand, each 
physiological phenomenon has been traced to specific histological 
elements—and an improvement of technique may, in the future, 
result in still closer approximation of structural form to physio¬ 
logical activity. 

D. Summary. 

Experimental. 

1. The contraction of the adductor-muscle which follows stimu¬ 
lation of the palial nerve is preceded by a marked contraction’ 
of the ctenidial axis, so that the gill contracts before the adductor- 
muscle becomes active. This movement of the ctenidium is 
abolished if the main branchial nerve is cut near its origin. 

2. The gills of Pecten possess a neuromuscular mechanism 
which is to some extent independent of the rest of the body; so 
that excised gills when stimulated react in the same way as an 
attached gill. 
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3. The lamellae of the gill possess two distinct types of 
movement. 

(a) When the surface of the gill is stimulated by contact with 

a glass rod or by carmine particles, the frontal surfaces 
of the two lamellae approach each other; the movement 
very often being executed by the lamella which is not 
actually being stimulated. The lateral extent of these 
movements {concertina movements) is roughly propor¬ 
tional to the intensity of the stimulus. Such movements 
normally appear to transfer the bulk of the material on 
to the mantle. Separation of the main branchial nerve 
abolishes these movements. 

(b) Each principal filament is capable of moving the ordinary 
filaments to which it is attached. This movement 
(flapping movement) is due to the movements of the 
interfilamentar junctions which alternatively move up 
and down at right angles to their length. This motion 
is independent of the branchial nerve and can be pro¬ 
duced by direct stimulation of very tiny pieces of the 
individual filaments. 

4. The significance of gill movements to feeding habits is 
discussed. The course of food particles depends on the nature 
of the stimuli affecting the gill. 

Histological. 

5. The ctenidial axis and the principal filaments have a 
stratum of anastomosing nerve-cells which appear to form a true 
nerve-net comparable to that of the mantle. 

6. The gill receives nerve-fibres from two sources, the brain 
and the visceral ganglion. The subsidiary branchial nerve is 
a structure hitherto unknown in the molluscan gill; so far its 
function is unknown. Each gill has four main longitudinal 
nerve-trunks. 

7. The osphradium of the gill has a much more extensive 
distribution than has hitherto been supposed. 

8. Two sets of muscles exist at the base of the gill-filaments, 
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and these are responsible for movements of the lamellae. The 
muscle-fibres are non-striated. 

9. The principal filaments are connected to the ordinary 
filaments by processes containing true muscle-cells, and by 
these cells movements of the filaments are effected. 
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EXPLANATION OE PLATES 16-18. 

List op Abbreviations. 

a., axone; aj.c., abfrontal cilia; a.p.n. 9 anterior palial nerve; 6., 
blood-coTpuscles; b.a.v., branchial afferent vessel; 6.C., bipolar cell; 
5.e.t?., branchial efferent vessel; b.l.n., branchial lateral nerve; b.m.n ., 
branchial main, nerve; b.n.f., branchial nerve-fibres to osphradium; 
b.v.p. y blood-vessel of principal filament; c., cilia; c.a. 9 ctenidial axis ; 
e&., chitin; cm., cuticle; c.c.m., criss-cross muscle-fibres; c.d., ciliated 
discs ; c.t. 9 connective tissue; c.p.g., cerebro-pleural ganglia; c.p.c. 9 
cerebro-pleural commissure; c.p.co., cerebro-pedal connective; e.l.p., 
exterior labial palp; e., endothelium; /.c., frontal cilia; f.n., filament 
nerve; i.l.j. 9 inter-lamellar junctions; i.Lp., interior labial palp; i.f.s. 9 
intra-filamenter septum; lx. 9 lateral cilia; l.c.m., lateral ctenidial muscle; 
ZJ., lower lip; l.n.f., longitudinal nerve-fibres; m. 9 mouth; m.c., mucus- 
cell ; m./., muscle-fibres; nerve-cells; n.f. 9 nerve-fibres; n.p., nerve 
to palps; o., osphradium; o./., ordinary filament; p.f., principal filament; 
p.g. 9 pedal ganglia; p.n. 9 pedal nerve; r.e.p, 9 respiratory expansion of 
principal filament; r.gr., right gill; spur; $.c. 9 sensory cell; s.n. 9 
subsidiary nerve; s.n.f. 9 subsidiary nerve-fibres; t.m.f., transverse muscle- 
fibres ; u.l. 3 upper lip. 
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Plate 16. 

Pig. 1.—Nervous system, as seen from the left side, showing the nerve- 
supply of the mouth, palps and gills. 

Fig. 2.—A portion of the principal filament with two ordinary adjacent 
filaments on either side, showing the layer of nerve-cells, stained intra- 
vitum with methylene-blue. 

Fig. 3.—A portion of the stratum of nerve-cells from gill-axis, showing 
felt of nerve-fibres and also the axones. 

Fig. 4.—Transverse section of an ordinary filament. 

Plate 17. 

Fig. 5.—Transverse section of filament near the free margin of the gill, 
showing both demibranchs with inter-lamellar junctions; the ordinary 
filaments adjacent to the principal filaments bear spurs. 

Fig. 6.—Photomicrograph of part of a transverse section of principal 
filament and spurred adjacent filaments. 

Fig. 7. —Transverse section of principal'filament near base, showing 
respiratory expansions and the nerve-supply. 

% Fig. 8.—Transverse section through base of gill showing arrangement of 
muscle-fibres and the position of the subsidiary branchial nerve. 

Plate 18. 

Fig. 9.—Transverse section of osphradium as seen on gill-axis. 

Fig. 10.—Similar section. 

Fig. 11.—Section of the gill-axis. The figure shows two regions. Region 
A has been cut transversely and shows the fibres from the main branchial 
nerve. Region B is longitudinal horizontal; a large bundle of nerve-fibres 
cut longitudinally is seen below the cuticle of the epidermis; one bipolar 
cell is present. 




















Metamerism in Enteropneusta. 
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With 3 Text-figures. 


The Chordate affinities of the Enteropneusta -were advocated 
first by Bateson, who even included this group of animals 
amongst the Chordata. Most subsequent investigators of the 
Enteropneusta (MacBride, Willey, Bitter, and Heider in parti¬ 
cular) supported Bateson’s conception and even tried to give 
it more evidence. On the other hand, Spengel, the accepted 
imperator in the knowledge of the group, as Bitter rightly 
observes, denies all relationship between the Enteropneusta and 
the Chordata; he believes that Balanoglossus is distantly 
allied to the Annelida, and that the Tomaria is a modified 
Trochosphere. If the relations of the Enteropneusta with the 
Pterobranchia, Phoronis, and Echinoderms be left out of the 
question, as these can be considered to be mere side-lines in 
the course of evolution, it becomes apparent that the Entero¬ 
pneusta, either through their relation to the Annelida or to the 
Chordata, are allied to segmented animals. 

Spengel found no support for his view that the Enteropneusta 
are related to the Annelida, and MacBride in his review of 
Spengel’s monograph has given good evidence that Spengel’s 
conception rested on no solid foundation and is therefore of no 
value. The Chordate affinities of the Enteropneusta, on the 
other hand, are well established and generally accepted nowa¬ 
days. In his last publication on the Enteropneusta in ‘ Hand- 
worterbuch der Naturwissenschaften ’, Spengel himself seems 
to be inclined to leave at least room for the relationship between 
Enteropneusta and Chordata. 

If the Enteropneusta are related to segmented animals, as 
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the Chordata are, the question arises whether there is any evi¬ 
dence of metamerism in Balanoglossus. The body consists 
of three parts: proboscis, collar, and trunk, each with its own 
coelomie cavity; the same arrangement is found in Ptero- 
branchia, Sagitta, the Actinotrocha, and Echinoderm larvae. 
An indication of this trimerism is found, according to van Wijhe, 
also in the early development of Amphioxus. In Balano¬ 
glossus t his metamerism is to some extent obscured by the 
great length of the tr unk. If the posterior region of the animal 
had the same length as the collar, as Morgan suggests—and in 
early post-larval life they are equal in length—no one would 
doubt that we were dealing with a metameric animal consisting 
of three segments. The question naturally arises whether the 
long trunk of Balanoglossus really represents a single seg¬ 
ment. If we accept that segmentation is largely due to the mode 
of locomotion, it becomes clear why a further segmentation of 
the trunk has either not been developed or has been lost in the 
Enteropneusta. Here locomotion is effected for the greater part 
by the action of the proboscis and the collar. According to 
Bitter the whole body is drawn forward, especially inDolicho- 
glossus with its long proboscis, by means of the contraction 
of the longitudinal muscles of the proboscis and the collar. 
Thus, if traces of metamerism are to be found in the trunk, one 
should not expect to find them in the coelom nor in the muscles, 
though these structures are most important in the segmentation 
of the Annelida and the Chordata. Thus real segmentation is 
excluded in Enteropneusta and only pseudometamerism in 
some form or other can be expected to be seen. 

The gills, numbering usually from SO to 100 pairs, form a 
regular row at both sides in the anterior part of the trunk. 
These show a metameric arrangement, but this alone is not 
sufficient proof for metamerism. If this branchiomerism has 
anything to do with metamerism in the trunk, other organs, 
coinciding in their arrangement with the gills, will have to be 
looked for. Of course, these organs must be in themselves 
independent of the gills. This excludes the vascular system at 
once. The branchial veins and arteries, of course, show the same 
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arrangement as the gills, and when the cutaneous vessels open 
into the branchial veins, as is the case for example in Glandi- 
ceps talaboti, their more or less metameric arrangement is 
also of no further interest. The nervous system shows no trace 
of metamerism at all, as could hardly be expected. Thus there 
are left only the intestine, the skin, and the gonads. 

There is, connected with the intestine, besides the gills, another 
structure that shows a metameric arrangement to some degree. 
A number of sacculations, protruding at the dorso-lateral sides 
of the trunk, are present in a certain region of the gut. These 
are noticed in the Ptychoderidae, but are absent in the Harri- 
manidae, and in the Spengelidae they may be present or not. 
These hepatic caeca are placed in two regular rows and give the 
impression of a metameric arrangement. As the liver region is 
always situated far behind the branchial region, the arrange¬ 
ment of the saccules cannot be compared with that of the gills, 
and taken alone these caeca give as little proof of metamerism 
as the gills. 

The epidermis shows a certain zonulation, having the glan¬ 
dular cells arranged in zones separated by interannular depres¬ 
sions with or without a small number of glandular cells. Kowa- 
lewsky found that the number of these epidermal rings practi¬ 
cally corresponds to the number of gills in Glossobalanus 
minutus, but in Balanoglossus clavigerus he found 
far more rings than gills. These rings are not limited to the 
branchial region; they extend over the whole length of the 
trunk, and in the abdomen they may be even more pronounced 
than in the branchial region. Willey expressed the opinion that 
this epidermal zonulation has not been well considered, and has 
been unjustly treated as having no deep-lying significance at all. 
His view, that the gill-slits originally arose as perforations in 
the interannular grooves, was opposed by Spengel, though a 
segmentation of the epidermis would fit in very well in his 
supposed relationship between Enteropneusta and Annelida. 
•Spengel’s objection, that the zonulation is produced only by 
a certain arrangement of glandular cells, is of no value, as 
glandular cells may show a metameric arrangement as well as 
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any other organ, and in some animals they actually show this. 
Spengel has pointed out that the zonulations, even in such an 
animal as Ptychodera flava, where they seem to have a 
fairly regular arrangement, show too many irregularities at 
closer examination, in order to give sufficient proof of a meta¬ 
merism. It is probably better to leave these epidermal zonula- 
tions out of the question until an Enteropneust is found in which 
they are really metamerically arranged, than to build up theories 
around supposed structures. 

Lastly come the gonads. Gills and gonads are relatively 
independent structures, and the genital and branchial regions 
coincide to a large extent in the greater number of Entero- 
pneusta. This makes the arrangement of the gonads a matter of 
great importance for the present question. Spengel could not 
find any relation at all between the arrangement of the gonads 
and the gills in the very extensive material that he studied, and 
thus expresses the opinion that the gonads cannot be looked 
upon as segmental organs, and, if they are, that the gonado- 
meres nevertheless do not correspond in any way to the branchio- 
meres. It is somewhat surprising that MacBride in his review 
of SpengeTs monograph figures, apparently without any other 
excuse than the possession of a foreseeing mind, a schematic 
horizontal section of Balanoglossus in which the gonads 
regularly alternate with the branchial sacs. Willey, also, without 
giving any further evidence, accepted a regular alternation of 
gonads and gills, the gonads having a zonary disposition and 
the gill-slits occupying the interzonal depressions. On this 
supposition he based his theory that the primary function of the 
gill-slits is the oxygenation of the gonads, and their secondary 
function being the respiration of the individual. This is one of 
Willey’s rather wild theories of which Spengel says : 4 Es wird 
einem ja schwindlich, wenn man an diesen babylonischen 
Turmbau nur denkt. 5 

Yet there is a relation between the arrangement of the gill- 
slits and the gonads. Branchiomerism and gonadomerism coin¬ 
cide. Meek found this realized in Glossobalanus margina- 
t u s, where a certain region bears the same number of gonads as 
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gills. The same holds true for young specimens of Glosso- 
balanus crozieri; gonads and gills are present in the same 
number, and to each branchial pore a genital opening is present, 
of course, only as far as the genital and branchial regions overlap. 

The most indubitable evidence is given by Dolicho- 
glossus caraibicus. This species has over fifty pairs of gill- 
slits. The first gonads are found between the fourth and fifth 
gill-slits at both sides of the body, and then a regular alternation 


Text-pig. 1. 



Dolichoglossus caraibicus. Fart of an horizontal section of the 
branchial region. X 66. 

bp, branchial pore ; epd, epidermis ; g, gonad ; gp, genital pore ; m, 
musculature in body cavity ; s, branohial septum ; f, branchial tongue. 


of gonads and gills is found till the end of the branchial region, 
so that at the peripheral side of each septum a gonad is situated 
(Text-fig. 1). The genital pores are found exactly between 
the succeeding branchial apertures. This relation between these 
two organs is very clear in Dolichoglossus caraibicus, 
as the gonads are very small and simple in the only available 
specimen. 

The same phenomenon is found in Glandiceps talaboti, 
though a closer examination is necessary here, because the gonads 
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are large and branched. Near the external orifice the gonad is 
situated at the outer side of a gill-septum, but soon it becomes 
broader, extending to the back of the branchial sac (Text-fig. 2). 


Text-pig. 2. 



Glandiceps talaboti. Part of an almost horizontal section of the 
branchial region at the level of the pores. X 40. 


A little more ventrally the gonad branches into two, and these 
branches occupy a very definite position with regard to the 
gills ; one is situated outside a septum, the other at the back of 
the branchial sac (Text-fig. 3). In the ventral part of the 
body, where the gonads may branch repeatedly, this relation 
between gills and gonads is quite disturbed. 
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Thus there are four species, representatives of the three 
families of Enteropneusta, in which the gonads alternate with 
the gills, that is in which gonadomerism corresponds to branchio- 
merism. Though no trace of this relation has been found in the 


Text-fig. 3. 



Glandiceps talaboti. Part of an almost horizontal section of the 
branchial region, ventral to that figured in Text-fig. 3 . x 40. 


majority of Enteropneusta, it does not appear to be too hazardous 
to accept this relation as an original character of the Entero¬ 
pneusta, a character that has, however, been lost in some way 
or other in most of them. 

There is a species that gives an indication of one way in which 
this arrangement has been lost. This species is Doliehoglos- 
sus otagoensis. The small number of gill-slits, about ten, 
does not make it very suitable for the purpose, nevertheless it 
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shows that there is some relation between the gills and the 
gonads. The small gonopores are in the same, or nearly the same, 
section in which the front end of the branchial pore is found. As 
the branchial pores are very wide and the space between them 
is correspondingly narrow, it follows that the gonopores are 
situated at the same level as the septa. Thus to every septum, 
except the first two, there is a corresponding gonad. In a young 
specimen with only six gill-slits this was found without excep¬ 
tion. In older specimens more gonads may be present; thus 
in a specimen with ten gill-slits there were found two extra 
gonads, not situated at the level of a septum, in addition to 
those at the sides of the third to the tenth septa (the caudal 
wall of the last slit being considered as a septum). These gonads, 
however, were very small and apparently secondarily formed. 
Spengel described a new formation of gonads intercalated 
between the older ones in Harrimania kupfferi, and the 
same is found here in Dolichoglossus otagoensis. When 
these gonads mature, they push away the primary ones, in this 
way disturbing the original relation between gonads and 
gills. 

Another manner in which the original relation may have been 
lost is that the gills lost their metameric arrangement in the 
same way as this occurs inAmphioxus. On comparing, e.g., 
the genera Balanoglossus or Ptychodera with Doli¬ 
choglossus or Harrimania, it is striking to notice that in 
the former the gills are far more crowded. As it is impossible to 
give any proof of this supposed compression of the gills by 
comparison with other organs, this is only a supposition. 

In Vertebrates branchiomerism does not correspond to the 
general segmentation of the body, but in Amphioxus it does. 
Furthermore, Amphioxus shows, at least during the earlier 
stages of its development, exactly the same relation between 
gills and gonads as mentioned above for some Enteropneusta. 
Also in the young Amphioxus the gonads are situated be¬ 
tween the gill-slits, i.e. opposite the branchial septa. This may 
be considered to be another proof of Chordate relationship of 
Balanoglossus, as this was accepted first by Bateson. 



METAMERISM IN ENTEROPNEUSTA 


401 


As the coelomic cavity of Enteropneusta, besides the trimer- 
ism in prostomium, collar, and trunk, does not show any further 
tendency to segmentation, this arrangement of the gills and 
gonads can be considered only to be a case of pseudometamerism. 
Compared with their distant allies, the Chordata, the Entero¬ 
pneusta are, undoubtedly, very primitive animals; even 
Amphioxus shows a far higher organization. If the Entero¬ 
pneusta are related to completely segmented animals, as the 
Chordata, it is possible that their pseudometamerism, which can 
be considered to be an original character of the group that has 
been lost in the majority of them, is only a relic of a former 
stage in which segmentation was more complete. It might have 
been lost in relation to their mode of life and locomotion in the 
same way as this can be accepted for Echiuroids. Another 
possibility, put forward by Heider, is that the metamerism of 
the vertebrate-body has as its distant predecessor the pseudo¬ 
metamerism of the Enteropneusta, and taking into consideration 
that the other relations of the Enteropneusta do not prove 
anything beyond the original trimerism, I am inclined to share 
this opinion of Heider. 
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Introduction. 

The Peranemidae are animals of a primitive type and they 
show rather close phylogenetic relationships to the lower pro- 
tistan forms. Peranema affords good cytological material. 
They have a clear cytoplasm and therefore their kinetic elements 
are easily determined. Likewise they are easy to culture. 
Thereby they can be obtained in quantities large enough to 
allow of good cytological investigation. Also the study of their 
cytology is of interest, for the conception of the Protozoa as 
a primitive type has led to various studies which may bring to 
light a better interpretation of the riddles of protozoan mor¬ 
phology. 
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The divergence of opinion among those who have written on 
the various flagellates belonging to the Euglenoidina has pre¬ 
sented many interesting problems. The kinetic elements, the 
gullet, and the reservoir system of Peranema are subjects of 
controversy. The purpose of this paper is to clear up the various 
interpretations that have been made on the morphology and 
mitosis of this protozoon. It is also my aim to point out the 
phylogenetic relationships of the neuromotor system. 

This work was done in the laboratory of Dr. Robert G. Rhodes 
. at Em ory University. I wish to express to Dr. Rhodes many 
frha.nlrs for his valuable criticisms and general co-operation. 
Thanks are due also to the University of California for supplying 
the optical equipment used in completing this investigation. 


Material and Technique. 

I have successfully cultured Peranema trichophorum 
in the following manner: A 200 c.c. culture of Euglena 
pro xima was centrifuged and the material thus obtained was 
washed in distilled water and crushed between two glass slides. 
To this crushed Euglena I added 100 c.c. of tap-water and 
allowed the culture to stand for a day before I inoculated with 
Peranema trichophorum. After eight days division 
forms were observed in abundance. 

Eor fixation, the centrifuge method of killing was found to be 
the best process as it ensured large quantities of the material. 
Various fixing reagents were used, but the best for general pur¬ 
poses were found to be hot Schaudinn’s and strong Blemming’s 
fixatives. I used the fixatives of Champy and Mann-Kopsch for 
demonstrating mitochondria. The most satisfactory nuclear 
stain was found to be Heidenhein’s iron-alum-hematoxylin. 
Counter stains of eosin or Bordeaux red were used to demonstrate 
the axial filaments of the flagellum. 1 Licht Grim ’ was used to 
show the spiral striations of the cuticle. The mitochondria were 
stained with fuchsin and toluidin blue after Champy’s fixative, 
or they were impregnated with Bowen’s modification of the 
Mann-Kopsch procedure. Then I stained with safranin to bring 
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out the nuclear structures. The method of Bowen likewise 
brought out the Golgi apparatus. 

The plates were sketched by the aid of a camera lucida from 
a Busch and Lomb binocular microscope with 2 mm. apro- 
chromatic objective and x 12*5 oculars. 

Morphology. 

The genus Peranemais characterized by the lack of an eye- 
spot. It is spindle or cigar-shaped, and it tapers anteriorly to 
a point. Its broad posterior end is truncate or retuse. 

The size of Peranema trichophorum is 60 n to 72 /t in 
length and 28 /x to 82 /x in breadth. It has a thin flexible cuticle of 
a metabolic nature. A single flagellum occurs, and it possesses 
two axial filaments which arise from basal granules situated at 
the base of the reservoir. The length of the flagellum varies 
from one-fourth to almost body length. 

The genus is likewise characterized by a' crawling ’ method of 
locomotion. Here the contour of the animal assumes various 
protean forms by means of a series of wave-like contractions and 
contortions of a fugacious character which run along the cuti- 
cular surface. These are clearly apparent when the animal 
doubles on itself by an abrupt retrogressive motion, which is 
similar to that described by Mast, 1922. The flagellum is usually 
kept straight forward and rigid, except the tip, which is bent into 
the form of a hook. This bent portion vibrates in a continuous 
whirl. The point of the flagellum when in motion describes an 
ellipse. Peranema granulosa often swims by whirling the 
entire flagellum around and hurls itself backward. 

The vacuole system is complex ; it consists of a large flask¬ 
shaped vesicle (= Hauptvacuole of Klebs, 1868); also a small 
contractile vacuole is situated at the base of this structure, which 
I prefer to call the reservoir after Rhodes, 1926 ; Baker, 1926 ; 
Calkins, 1926. At each systole the contents of this adjacent 
contractile vacuole (= Neben vacuole of Klebs, 1868) is emptied 
into the main reservoir. A slight contraction of this main reser¬ 
voir seems to aid the flagellate to reach the substratum ; so 
we suggest that its function is not only an organelle for the 
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storage of waste materials, &c., but also that it is of a hydrostatic 
nature. 

I believe that the old family Peranemidae (Stein) should stand, 
because all of the group, with the exception of Euglenopsis, 


Tbxt-hg. 1. 



- neC k of reservoir 
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A diagrammatic sketch of Peranema triehophorum. 

(Note that the crescent-shaped Golgi bodies shown around the reservoir 
are not present when the Golgi network occurs.) 


possess a rod-organ, or ‘ Staborgan Hall and Powell were un¬ 
fortunately not informed of this fact. The rod-organ of P e 1 a t o- 
monas is small and the lateral rods are quite short. Also 
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Scytomonas, Tropidoscyphus, Marsupiogaster, 
and Dinema have well-developed rod-organs. In Urceolus 
the rod-organ is spread out into an um-like structure; whereas 
the rod-organs of Anisonema and Entosiphon extend 
posteriorad, as an internal 4 siphon ’, almost the entire length of 
the body. I see no reason, therefore, to split up an old family 
of Peranemidae into several families which have one or more 
flagella. Shaeffer (1916) Btated that the Peranemidae are holozoic 
and ingest solid organic matter which is composed of pieces of 
plant, or animal tissues. I wish to add that they exhibit great 
selectivity with relation to their food. 

Peranema trichophorum lives almost entirely on dead 
Euglena proxima, and has been observed to engulf Ento¬ 
siphon and Chilomonas. The animal rarely if ever attacks 
immotile forms, but it is content to tear encysted or dead 
Euglena to bits. On the other hand, Peranema granuli- 
fera eats living Zoochlorella. This type of food selection 
is not uncommon among protozoa; for example, Didinium 
feeds almost entirely upon Paramecium (Calkins, 1926). It 
is quite reasonable to believe that Peranema is almost entirely 
holozoic, because a culture will not live unless it is inoculated with 
some Euglenoid. For this reason as well as the one men¬ 
tioned above, I do not think it advisable to place Peranema 
in the same family with the saprozoic Astasidae of Calkins (1926), 
but I prefer to accept the classification of Doflein and place the 
genus in the old family Peranemidae (Stein). 

Wager (1900) was the first to describe the insertion of a 
Euglenoid flagellum. He stated that the flagellum of Euglena 
viridis bifurcated on entering the main vacuole (= reservoir), 
and that each of these strands was anchored at the base of this 
vesicle to a basal granule. Later writers (Rhodes, 1926 ; Baker, 
1926; Ratcliffe, 1928) have suggested that these strands be 
called axial filaments. 

Hartman and Chagas (1909) believed that the flagellum of 
Peranema was single and that it was anchored at the base of 
the main vacuole (= reservoir) by a basal granule. 

They also stated that another short flagellum arose within 
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this vesicle from a basal granule adjacent to the other one and 
traversed the vesicle to become anchored to another granule on 
its upper surface. 

Ha. 11 and Powell (1928) believed that the flagellum remained 
single after entering the reservoir and that a new flagellum 
started to grow out of the reservoir early in mitosis. 

Dofleinfigures Peranema with a single flagellum which has 
two axial filaments similar to those described by Wager (1900) 
for Euglena viridis. 

It is possible that Hartman and Chagas (1909), as well as 
Hall and Powell (1928), misinterpreted the second axial 
filament as a new flagellum of the daughter individual. I find 
that Peranema has a flagellum which is formed by the union 
of two axial filaments which arise from basal granules situated 
at the side of the reservoir. 

Peranema does not possess the granule which has been 
described to occur on one of the axial filaments by Wager, 
1900; Baker, 1926; and Batcliffe, 1927 ; however, in all other 
respects its flagellum is similar to that of Euglena. It is 
possible that this granule is absent in Peranema because it 
does not possess an eye-spot. Wager (1900) believed this granule 
was associated with the eye-spot of Euglena and that it 
aided in orienting the animal to light. Since this granule 
is absent in Peranema it is possible that this statement is 
correct. 

The occurrence of a cytostome has been detected by Carter, 
ClarepMe, and James-Clark, but Klebs (1888) gave the first 
description of its organization. He believed that the mouth 
opening was ventrally placed and that it was separated from 
the ‘ Hauptvacuole ’ or reservoir. However, he failed to consider 
the pharynx as a tubular structure, and he believed it was com¬ 
posed of two adjacent rods on the ventral side of the cuticle. 
These he termed the ‘ Stabapparat ’. 

Bhodes (1926) has shown that the reservoir ofHeteronema 
acus is a separate structure from the ‘ staborgan ’ (Stabapparat 
of Klebs), and that it consists of three rods. The outer lip of the 
cytostome is bounded by a falcate rod, which he terms ‘ trichite ’. 
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He stated that the tube which leads from the mouth is bounded 
on each side by lateral rods. 

I agree with Klebs (1888) and Rhodes (1926) that the 
* staborgan ’ and the gullet of Peranema are not connected in 
any way with the reservoir, but that the cytostome is a separate 
opening on the ventral side of the body. The cytostome is 
capable of great distension and its outer lip is reinforced with 
a heavy falcate rod. The inner or proximal ‘ lip ’ is protoplasmic. 
These rods of the ‘ staborgan ’ probably act as a support to 
strengthen the sides of the gullet and to prevent the prey from 
tearing its own cuticle. The third rod (= falcate rod or trichite 
of Rhodes, 1926) seems to act not only as a support to the lower 
lip, but also as a trigger or valve which prevents the cytostome 
from opening except when the protozoan is feeding. It also aids 
in holding its prey so that it can be pinched off by the aid of the 
other two rods which border the gullet (=Cytoesophagus of 
Rhodes). 

I agree with Rhodes, 1926, that the rod-organ is displaced 
during the early prophase and that it later disintegrates in the 
cytoplasm. New rod-organs are formed in the early anaphase. 
The new cytostomes are formed by an inpitting of the cuticle. 
At the base of this pit a granule is formed and out from it grow 
two rows of granules. These condense to form the lateral rods 
of the gullet. (I prefer to use this term because it has been used 
extensively in protozoology; however, it should not be confused 
with any part of the reservoir.) During the telophase the third 
or the falcate rod forms by an outgrowth from the top of the 
medial lateral rod (fig. 11, PI. 20 ; fig. 12, PI. 21). 

The mitochondria of Peranema vary from a small round 
form to a large disc-shaped type with a clear centre. The small 
spherical forms range from to £/*, whereas the disc-shaped 
typeB vary from J/* to 1 /u. in width and are to in breadth. 
They are usually grouped around the nucleus and the base of 
the reservoir. When the protozoan divides most of the mito¬ 
chondria move anteriorly along with the nucleus and group 
themselves about the reservoir. The ovoid mitochondria seem 
to be capable of becoming the disc-shaped types by growth. 
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These disc-shaped types show a differential staining with the 
toluidin blue and fuchsin method. The core is magenta, whereas 
the cortex is dark blue. The small mitochondria often show 
connexions or form dumb-bell structures. These are in all 
probability division stages. The mitochondria are straw-coloured 
when stained by the Mann-Kopsch method, whereas the Golgi 
apparatus is black. 

The Golgi apparatus of Peranemaisa network of long inter¬ 
woven fibres which are concentrated in the posterior portion of 
the anim al (fig. 15, PL 21). This network is not as dense in the 
later division stages of Peranema as it is during the early 
prophase. Neither the reservoir nor the contractile vacuole takes 
an osmic impregnation. However, the Golgi apparatus forms 
spheres around the reservoir during the early prophase. 

Mitosis. 

Pro phase.—During the early prophase the nucleus of 
Peranema trichophorum migrates anteriorly to the base 
of the reservoir. The nucleus at this time is of a vesicular nature ; 
its centre contains a large dark staining body of chromatin. 
This body may be single or fragmented (Hall, 1926). This 
endosome (= Binnenkorper) is filled with vacuoles of various 
sizes. No centriole occurs within their centre, as some writers 
have believed. Therefore I agree with Hall and Powell (1928) 
that these vacuoles are of no significance. In the early prophase 
the dispersed chromatin comes together to form very thin 
chromomeres. These chromomeres are formed from ‘spherules* 
which are connected together to form loops. Within these 
chromatic structures one can easily discern basophilic granules 
of variable sizes. During the growth of chromatin these loops 
thicken and the nucleus moves anteriorly and comes to lie on 
the edge or the base of the reservoir. By continued anterior 
migration it comes in contact with the largest basal granule 
(fig. 4, Pl. 19). This granule or centroblepharoplast seems to pull 
the nucleus upward and strands can be traced from it into the 
endosome. The endosome begins at once to elongate and the 
nucleus swings around on its axis until the other portion of 
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the elongated endosome is connected by similar lines to the other 
basal granule. The chromatin loops then thicken and arrange 
themselves parallel to the elongated endosome. At this period 
the longitudinal splitting of the metaphase occurs. The chromo¬ 
somes separate from only one end to form V-shaped structures 
(fig. 5, PI. 19). 

At this stage a polarity is established between the opposite 
centroblepharoplasts at each end of the nucleus. Also fibres are 
noticed connecting each centroblepharoplast with the end of the 
elongated endosome (fig. 6, PI. 19). The nucleus then pushes 
up against the reservoir. This not only distorts the vesicle but 
also it pushes the rod-organ out of position (figs. 5, 6, PI. 19). 
The rod-organ is thus cast out into the plasma of the animal, 
where it disintegrates before the end of the anaphase (figs. 5, 
6, PI. 19, and fig. 7, PI. 20). This disintegration of the rod-organ 
has been described in Heteronema acusby Rhodes, 1926. 

During the prophase the basal granules divide twice to form 
new basal granules ; out from these grow axial filaments. Each 
of these filaments unites with one of the old axial filaments to 
produce a new flagellum. A part of the flagellum thus persists 
to form oneof the newflagellar filaments of adaughter individual. 
The chromosome count at this time has been estimated to be 
thirty-two. 

Metaphase.—The longitudinal splitting of the chromosomes 
takes place during the prophase when the chromatin is arranged 
in a group of granular chromosomes. These pull apart to form 
V-shaped chromosomes (fig. 4, PI. 19). These V-shaped struc¬ 
tures widen and contract into chromosomes which come to lie 
parallel to the endosome (fig. 5, PI. 19). Such a situation is 
usually termed the equatorial plate. The nuclear membrane 
remains intact. 

Anaphase.—The endosome continues to elongate and often 
vacuolates or splits longitudinally (figs. 8, 9, 10, PL 20). The 
chromosomes during the early anaphase separate or pull apart 
from the last end which splits during the metaphase, and thereby 
an appearance of a pseudo-transverse splitting is noticed. The 
chromosomes become more granular and group themselves at 
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the ends of the endosome; the nucleus then shows a constriction 
in the central portion (figs. 8, 9, 10, PL 20). The attachment 
between the endosome and the centroblepharoplasts persists. 

During the anaphase the new cytostomes are formed by 
invagination of the anterior cuticular surface. On the edge of 
this newly formed cytostome a group of four granules grows in 
size and later they collect into two distinct rod-like structures 
(fig. 9, Pl. 20). These form the lateral rods of the rod-organ. 
The daughter reservoirs pull farther apart, and a partition begins 
to form between them. This division of the daughter reservoirs 
is produced by an outgrowth from the base of the old reservoir. 

Telophase.—The telophase begins by a constriction of the 
anterior end of the animal. This deepens and the animal begins 
to split from the anterior end so that the animal divides by 
binary fission. The continued constriction of the nucleus causes 
the central portion to break apart. The chromosomes form 
granular loops around the endosome (fig. 12, Pl. 21). The third 
rod of the staborgan forms by an outgrowth from the top of 
the median rod. This connexion persists after the rod is formed; 
the same condition is found in Heteronema (Rhodes, 1926). 

Division is completed by the daughter individuals pulling 
apart (fig. 18, Pl. 21). This action is very violent and the entire 
protoplasm is kept in motion. The flagella grow out, and they 
are kept in violent motion until the division is completed. 

Discussion. 

Rod-organ or ‘Staborgan’.—The Staborgan of Pera,- 
n ema consists of the rods which I have described above. There 
is no evidence that these rod-organelles are parabasals, as Calkins 
(1926) and Hall (1926) believed. 

In fact Peranema seems to use them in feeding, and they are 
used just as a ciliate uses its trichites. The falcate rod opens 
and closes the cytostome when the animal feeds. Hall (1926) 
believed the parabasal to lie adjacent to the gullet and that the 
parabasal body doubled during division. Hall and Powell (1927) 
stated that they believed the parabasal body to be the equivalent 
of the ‘Staborgan’. Later (1928) they ignore this statement 
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(Hall, 1926) and refer to it as the pharyngeal rod apparatus. 
I object to the use of this term since the cytostome is not con¬ 
nected with the reservoir, hence it cannot be of a pharyngeal 
nature. I suggest that the term ‘Staborgan’ or rod-organ (= rod 
organelle) be applied to t his structure since this term is found in 
all of the literature (Doflein, 1912; Ehodes, 1926). Also I have 
not been able to find a parabasal in Peranema, and I see no 
reason to believe that the ‘Staborgan’ is either analogous or 
homologous to the parabasal body. Let us consider this question 
from a phylogenetic view-point. In the primitive protist, 
Euglena,we find a homology between the parabasal body and 
the kinetic complex (Baker, 1926). This kinetic complex is derived 
from the endosome. Now in a higher form like Peranema it 
is reasonable to believe that such a body is either lost during the 
evolution of this protozoon or that it still remains within the 
endosome. Obviously the endosome is part of the kinetic mass ; 
I do not believe that Peranema has any homologue of the 
parabasal body, but I do believe that the endosome is the 
kinetic reserve mass. 

Hall and Powell (1928) state that Peranema has only one 
‘ pharyngeal ’ rod element in the early stages of binary fission. 
This they believe suggests that one of the two original rods 
passes to each of the daughter organisms. I have not noticed 
anything like this and I suggest that Hall and PoweE studied 
the ‘Staborgan’ from a lateral view so that one would be above 
the other, and unless care is used this structure may appear 
as only one. The ‘Staborgan’ does not split during binary fission, 
but the old ‘Staborgan’ disintegrates and new ones form from 
granules on either side of the new daughter cytostomes. These 
granules are possibly of mitochondrial origin. 

Kinetic Elements.—Theblepharoplast-rhizoplast-centro- 
some complex is of a primitive type and has been described to 
occur in many of the lower flageUates. Likewise we find such 
a complex in most of the Polymastigotes and the Hypermasti- 
gotes. Associated with this centroblepharoplast-rhizoplast- 
eentrosome complex, in the Polymastigotes and the Hyper- 
mastigotes, is a dark staining paradesmose. This structure 
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connects the daughter eentrosomes during fission (Kofoid and 
Swezy, 1915). I do not find such a paradesmose inPeranema. 
The kinetic elements of Peranema are of a type like that of 
Ochromonas (Doflein, 1912). Here we have the centro¬ 
blepharoplast, but no paradesmose occurs. During mitosis 
centroblepharoplasts are connected to the ends of the endosome 
by numerous spindle-fibres. No permanent rhizoplast exists. 
In fact I see no reason to believe that the * blepharoplast- 
rhizoplast-centrosome * complex occurs in Peranema; thou¬ 
sands of granules occur around the nucleus, but these do not 
function as a centrosome. 

Although the paradesmose is known to occur in the Hyper- 
mastigotes and in the Polymastigotes, I suggest that it does not 
occur in any of the Euglenoid flagellates, because it has not 
been demonstrated by any of the recent workers on the Euglenoid 
group (Baker, 1926 ; Ratcliffe, 1928). 

After a due consideration of the behaviour of the centro- 
blepharoplast of Peranema during mitosis, I have decided that 
there is a relationship between the centroblepharoplast and the 
endosome. In other words, the action of the centrosome, or 
better, the centroblepharoplast, does not initiate mitosis alone ; 
but that this kinetic force is an interaction of both the centro¬ 
blepharoplast and the endosome as well as intranuclear physio¬ 
logical forces. If such a kinetic mass as the endosome is charged 
by a type of 4 mitokinetism 5 or any type of electrostatic force, 
and if that force is associated with other forces which are of 
a physiological nature, there will be balance between all the 
forces which may initiate mitosis. Now if this balance is upset 
and a change in polarity occurs and the endosome is elongated, 
then this structure will split (fig. 8, PI. 20). In all probability 
the same interacting forces cause the chromosomes to split 
longitudinally and to 4 flow 9 apart. If the endosome is the centre 
of this kinetic force, then it is quite reasonable to expect that 
a division centre (or even a kinetic reserve complex) is given off 
in some of the lower protistan forms. Otherwise it would be 
hard to establish a phylogenetic line between Peranema and 
the lower flagellates. Such division centres or kinetic reserve 
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masses have been described by various workers (Kater, 1925 ; 
Baker, 1926). 

The Cytoplasmic Inclusions.—Hall (1928) describes 
certain cytoplasmic inclusions which he believes are mitochon¬ 
dria and Golgi elements. The mitochondria he states are small 
elongated structures in Peranema and they lie in spiral rows. 
Likewise he noted numerous spherical'inclusions similar in struc¬ 
ture to the ‘ Golgi ’ elements of higher animals. I find that the 
mitochondria are rarely in spiral rows and that they assume this 
position, for only a short while during the early prophase. It is 
possible 'that Hall (1928) has confused the Golgi network with 
the mitochondria, because at this time the Golgi apparatus is 
a network of long fibres. These fibres of the Golgi network are 
grouped in spirals round the nucleus and round the base of the 
reservoir (fig. 15, PI. 21). When Peranema is not in division, 
the Golgi apparatus is a network of long fibres arranged in 
a tangled mass. During the early prophase these fibres condense 
into a tangled network which lies in the posterior portion of the 
animal. This mass breaks up into small irregular bodies which 
group themselves round the nucleus during the metaphase. But 
the typical network of long fibres form again during the ana¬ 
phase and persist as such during the interkinetic phase. The 
mitochondria are spherical and disc-shaped (fig. 14, PI. 21). 
The large disc-shaped types are grouped heavily round the 
nucleus and the base of the reservoir. They lie deep within the 
cytoplasm, whereas the spherical forms are more superficial and 
often take dumb-bell or rod-like shapes. The spherical forms 
are almost evenly distributed throughout the cytoplasm, whereas 
the large disc-types are grouped together. These disc-shaped 
types quite often show a clear centre. Barely these disc¬ 
shaped types form ‘ roulettes ’. 

In the same slides with the Peranema material I found 
Euglena proxima and Euglena gracilis. The mito¬ 
chondria are similar in shape and distribution to those I have 
described in Peranema. This leads me to believe that the 
mitochondria of Euglena described by Causey (1926) are only 
a part of the chromatophores and possibly the pyrenoids of this 
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protist; however, I shall discuss the behaviour of the cyto¬ 
plasmic inclusions of Buglena during binary fission in 
another paper. 

General Summary. 

1. Peranema trichophorum is holozoic in nature and 
selective in its food, but not predaceous. It feeds usually on 
dead and encysted Euglenaproxima,Euglena gracilis, 
and rarely upon Chilomonas and Entosiphon. 

2. The ‘Staborgan’ or rod-organ is not connected with the 
reservoir, but it opens into the cytostome which lies ventrally 
to this vesicle. Therefore the term gullet should not be applied 
to the neck of the reservoir. 

3. The chromosome count of Peranema trichophorum 
is estimated to be thirty-two in number. 

4. The ‘Staborgan’ is thrown out of its position during mitosis 
and it disintegrates in the cytoplasm. New rod-organs grow out 
from granules which form at the base of the new daughter 
cytostomes. These granules may be of mitochondrial origin. 

5. A centroblepharoplast is described. No paradesmose is 
present. 

6. A theory is suggested which supposes that an interaction 
between the centroblepharoplast and the endosome occurs. 
The centroblepharoplast acts as a kinetic attraction sphere 
which carries the nucleus anteriorly in order that the blepharo- 
plasts can function as extra-nuclear division centres ; thereby 
a co-ordinated interaction is brought about between both intra¬ 
nuclear kinetic elements and all of its cellular components. Such 
a reaction or interrelation of parts is necessary to initiate 
cellular division. 

7. The mitochondria of Peranema were found to be 
spherical; these may grow into large disc-shaped types with 
clear centres. The latter have a tendency to group themselves 
round the nucleus and the reservoir. 

8. The Golgi apparatus was found to be a network of long 
fibres. These Golgi bodies seem to be concentrated in the 
posterior end and round the reservoir. Neither the contractile 
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vacuole nor the reservoir was impregnated by osmic acid 
methods. 
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EXPLANATION OP PLATES 19-21. 

Pigs. 1-15 inclusive are of Peranema trichophorum. 
All figures were drawn with the aid of an Abbe camera 
lucida. Pigs. 2-4, 6-13, from preparations fixed in Schaudinn’s 
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fluid and stained with iron-alum hematoxylin; fig, 5 fixed in 
strong Flemming's and stained in safranin and light green: 
fig. 1 fixed in strong Flemming's and stained with eosin. Fig. 14 
fixed in Champy's and stained with fuchsin and toluidin blue ; 
fig. 15, Bowen’s modification of the Mann-Kopsch procedure. 
Magn. x 1,800. 

Plate 19. 

Pig. 1.—Interphase. Ventral view showing cytostome opening bordered 
by falcate rod; reservoir is below this and it opens at tip of body. Neck oi 
reservoir not connected with cytostome. 

Pig. 2.—Cytostome to left of reservoir; endosome fragmented into foui 
pieces ; nucleus migrates to base of reservoir. 

Pig. 3.—Early prophase; growth of chromatin; blepharoplasts in 
normal position at side of reservoir. Posterior portion of reservoir vacuolated. 

Pig. 4.—Left blepharoplast enlarges and becomes connected by strands 
to end of endosome; it is therefore a centroblepharoplast. 

Pig. 5.—Metaphase. Chromosomes split longitudinally to form V-shaped 
structures ; endosome begins to elongate ; one large centroblepharoplast 
is connected to end of endosome. 4 Staborgan * is thrown out of place; it 
disintegrates in cytoplasm below nucleus. 

Pig. 6.—Chromosomes thicken; nucleus swings on axis and connects 
with the other centroblepharoplast; new daughter reservoirs forming; 
new axial filament on one side. 

Plate 20. 

Pig. 7.—Anaphase. Chromosomes pulling to opposite poles. New 
rod-organs forming as granules around flagellar groove. 

Pig. 8.—Anaphase. Endosome splits into two pieces ; new axial filaments 
unite to form new flagellum. 

Pig. 9.—Top view. Lateral rods of rod-organs beginning to form; 
endosome fragmented and split into two pieces. 

Pig. 10.—Late anaphase, nucleus begins to constrict in central portion. 

Pig. 11.—Late anaphase; endosome not fragmented. 

Plate 21. 

Pig. 12.—Telophase. Connexion between daughter nucleus is broken; 
binary fission begins. Palcate rod forms. 

Pig. 13.—Telophase. Pission almost complete; chromatin reorganized. 

Pig. 14.—Mitochondria. Large disc-shaped types with clear centre 
grouped around reservoir and nucleus. Small dark dumb-bell types are 
possibly in division. 

Pig. 15.—Golgi network of long fibres; disc-shaped mitochondria 
distributed throughout cytoplasm. 
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1. Introduction. 

In my previous work on Calandra (1927) reference was 
made to the presence in the larval stage of a mass of cells be¬ 
tween the nervous system and the alimentary canal in the region 
where the fore-gut passes into the mid-gut. On account of its 


Text-big. 1. 



Portion of a section through a mesenteric caecum showing bacteria, 
b, within the ‘ bacterial cells ’. x 930. 


future anatomical relation to the mid-gut of the adult, this mass 
was referred to as the ‘ accessory cell-mass ’. 

More work on the subject revealed the fact that the cells of 
this mass contain in their cytoplasm numerous micro-organisms 
which proved to be bacteria (b, Text-fig. 1). 

This mass of cells will therefore be referred to as the ‘ ali¬ 
mentary bacterial cell-mass and its cells as the * alimentary 
bacterial cells in order to distinguish them from similar cells 
at the tips of the ovarioles to be described in the course of this 
paper and to be referred to as the * ovarian bacterial cells ’. 

Kerantoni (1927) merely refers to the ‘ accessory cell-mass ’ 
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of the present author as an ‘ organo symbiotico ’ ■with no evi¬ 
dence concerning the exact relation between the micro-organisms 
contained within the cells of this organ and the weevil in ques¬ 
tion. His account seems to be based mainly on my previous 
work. He only describes the mass under consideration as being 
paired in the larva. For the mere fact that this mass is saddle- 
shaped in some sections certainly suggests a paired nature; 
but, when a whole series of sections is examined, there is not the 
slightest doubt that the cells in question are in one mass. 

In this paper it is only proposed to give a preliminary account 
of the structure of these intracellular bacteria, their mode of 
transmission from one generation to the next, and their activity 
during the life of their host. 


II. Technique. 

The developmental history of the bacterial cells was best 
studied in material fixed in Carl’s fluid and stained in Delafield’s 
haematoxylin (Mansour, 1927). 

For the study of the bacteria in the cells and tissues of their 
host, Schaudinn’s fluid proved the most suitable fixative. The 
organs to be studied were dissected out by means of very fine 
needles and transferred to the fixative for 3-5 minutes. They 
were then washed thoroughly in 50 and 70 per cent, alcohol, 
dehydrated, embedded, and sectioned in the usual way. 

Smearing before fixation was also found useful for the study 
of the general structure of the bacteria. After drying up, the 
fixative was applied for about 5 minutes, then the smear was 
washed under the tap, dried, and stained. 

Giemsa stain as used by Minchin 1 and Gram’s as recom¬ 
mended by Eyre 2 gave very good results. Alkaline methylene 
blue was also found suitable for smear preparations. 

1 * The Mierotomists’ Vade-Mecum London, 1928. 

* J. W. H. Eyre, • Bacteriological Technique Philadelphia and London, 
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III. The Intracellular Bacteria. 

The intracellular bacteria are in the form of bacilli rounded 
at both ends and frequently joined together in strings, some 
being as much as 50 /a long (Text-fig. 4). The separate 
bacilli are motile and vary from 8/a to 5/a in length and are 
about 0-6/a wide. They stain well with Giemsa, both in 


Text-figs. 2-4. 




Kg. 3.—From a smear preparation of the mid-gut of an adult. Oram. 
Kg. 4.—From a smear preparation of the ‘ alimentary bacterial cell- 
mass * of the larva. All x 2660. 


sections and smears, showing a uniform rod-like structure 
(Text-fig. 2). With Gram’s, to which they are positive, they 
exhibit a distinct beaded structure (Text-fig. 8). Smears from 
the various stages of the host show that the strings are longer and 
more numerous in the egg, larva, and pupa: on the other hand,* 
they are shorter and the presence of separate bacilli is more 
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frequent in the prepupal and adult stages. This is probably due 
to the fact that in the egg, larva, and pupa, the bacteria being 
comparatively inactive do not separate from their chains. In 
the prepupa, the breaking up of the chains into bacilli may be 
connected with the migration of the ‘ bacterial cells ’ to their 
final position around the developing mid-gut. Finally, in the 
adult, the bacteria themselves show great activity, and pass 
from their host-cells in the form of bacilli into the lumen of the 
alimentary tract (see p. 426). 

In the larval stage the arrangement of the bacteria within 
the cells is very characteristic. Examination of smears shows 
that the long strings are coiled round one another in a peculiar 
fashion (Text-fig. 4). This appears to be due to the crowding 
of the strings within a limited space. 

Artificial cultivation has not so far been attempted. 

IV. The ‘ Alimentary Bacterial Cell-mass ’ in the Larva 

. a.nd during Metamorphosis. 

The first conspicuous appearance of this mass, the mode in 
which it takes its place during the larval stage, its fate during 
metamorphosis, and the position of its cells in the adult, have 
been all described in the course of my previous paper. 

Throughout the larval stage the bacteria within the cells are 
comparatively inactive and the * mass ’ is to be found ventral 
to the gut and separated from the digestive epithelium by the 
muscular wall of the latter. Examination of the larva shows that 
the digestive epithelium and the food material inside the ali¬ 
mentary canal are free from the characteristic bacteria contained 
within the cells of the ‘ bacterial cell-mass ’. 

During metamorphosis the ‘ bacterial cells ’ are arranged 
round the developing mid-gut epithelium and ultimately form 
the outer walls of the anterior mesenteric caeca. 

V. The Intracellular Bacteria during the Adult Stage. 

Contrary to their behaviour during the larval stage, the 
intracellular bacteria are very active during the i-mfl.gina.1 life. 
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They pass in large compact ball-like masses into the lumena of 
the respective mesenteric caeca, and thence to the cavity of 
the mid-gut, where they infect some of the epithelial cells 
(fig. 1, PI. 22). The bacteria in a newly infected cell grow actively 
and form a spherical mass (m b, fig. 2, PI. 22) within the cyto¬ 
plasm, which in this region stains more lightly than the rest of 
the cell. Eventually these masses pass into the lumen of the 
mid-gut (fig. 8, PI. 22) in a similar fashion to that described for 
the original 4 bacterial cells \ 


VI. Distribution of the Free Bacteria in the Alimentary 
Tract of the Adult. 

From the anterior portion of the lumen of the mid-gut the 
liberated bacteria which are in the form of bacilli spread 
anteriorly and posteriorly into the fore and hind guts respec¬ 
tively. In the gizzard they mix with the food of their host and 
apparently grow on it. Their number decreases gradually for¬ 
wards. In the hind-gut they are present in large quantities 
mixed with the indigested food. In the anterior portion of this 
region of the gut they are very numerous indeed, but they 
become scarce posteriorly. The decrease in number of these 
bacilli seems to be correlated with the appearance of a coccus 
form ; and in the crop and the hind portion of the proctodaeum 
where the bacillus form is very scarce, the coccus form is found 
in large quantities. 

It is known that a bacterium may vary greatly under different 
conditions (Mercier (1907) and Eyre *), and as the conditions 
within the cells are totally different from those in the lumen of the 
gut, it seems not unreasonable to suggest that the bacterium under 
consideration, when intracellular, is always rod-shaped, but 
when growing on the food of its host assumes after a short t im e 
a more or less rounded form. 

Examination of the faeces of the adult supports this con¬ 
clusion. It has been mentioned above that the bacillus form is 

1 Footnote, p. 423. 
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found in large quantities in the anterior half of the proctodaeum. 
In the faeces this form is practically absent, while the coccus 
form is very prevalent and forms a considerable portion of the 
faecal matter. This shows probably that by the time the indi¬ 
gested food is ready to be passed out, most of the bacilli have 
assumed the coccus form. 

In the preparations examined no sign of disintegration or 
digestion of these bacteria has been observed. It is probable, 
therefore, that after being liberated from the cells, the bacteria 
live for a short time on the food taken in by their host and pass 
to the exterior mostly in the form of cocci. 


VII. The Relation between Calandea and its Intba- 

CELLULAE BaCTEEIA 

Great importance has been attached recently to the presence 
of intracellular organisms in the alimentary tract of certain 
insects, especially in those with cellulose feeding habits. Buchner 
(1928 a), Pierantoni (1927), and others assume that such micro¬ 
organisms render valuable nutritive services to their hosts and 
describe the relation as being symbiotic. In the light of the 
present work there seems to be a doubt as to the accuracy of 
this assumed function of the micro-organisms. 

The larva of Calandra, being inside the grain throughout 
its life, feeds entirely on the internal contents, i.e. starch and 
proteid-grains. It has been pointed out (p. 425) that the intra¬ 
cellular bacteria here are not found within the alimentary tract, 
and there seems to be no doubt whatsoever that the nutritive 
material the larva needs is digested with the aid of enzymes 
secreted by the digestive epithelial cells. 

The adult, on the other hand, feeds inside the grain only for 
a very short period after its eclosion. It then bores its way out 
through the pericarp and the testa and lives the rest of its life 
outside the grain. Its food is similar to that taken in by the 
larva. It differs in the slight amount of cellulose eaten up during 
the emergence from the grain and again during the attack of 
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fresh material. This amount of ingested cellulose taken 'in is 
quite small and a very similar quantity has been observed in 
the faeces; so that the question of cellulose digestion here is of 
minor importance. Thus the food of the adult is practically 
similar to that of the larva and consists mainly of starch and 
proteid-grains. 

TJvarov (1929), in his masterly summary of the literature on 
* Insect Nutrition and Metabolism ’, has pointed out that pro¬ 
teases and diastases occur in the digestive fluids of all insects 
studied. It is quite probable that the larva of Calandra, too, 
possesses similar enzymes for digestion. As the mid-gut of' the 
adult Calandra is ectodermal in origin as is that of the larva, 
it is quite conceivable that the digestion in the adult is similar 
to that in the larva -without the help of the intracellular bacteria 
it harbours. This conclusion holds good unless it is to be 
assumed that the digestive epithelium of the adult lacks certain 
enzymes, or is supplemented by certain enzymes due to the 
activities of the bacteria. At present there is no evidence at all 
to support such an hypothesis, 

Hylobius abietis, "which contains similar ‘ bacterial cells’ 
(Mansour (1927) and Buchner (1928 a )), illustrates more clearly 
the doubt which the present author entertains concerning the 
supposed role of Buch intracellular bacteria. As in Calandra, 
the intracellular bacteria are comparatively inactive in the 
larval stage. During metamorphosis the ‘ bacterial cells ’ arrange 
themselves round the developing digestive epithelium; prob¬ 
ably in the adult Hylobius they behave in a similar manner 
to that described for Calandra. The larva and adult feed on 
different food materials. The larva feeds inside the old pine 
stumps and takes in large quantities of wood. The adult, on the 
other hand, feeds on young pine shoots and needles and probably 
does not touch, hard wood at all. If the intracellular bacteria 
in Hylobius help in the digestion of wood, as has been 
, assumed by many authors, one would expect them to be active 
in the larval stage as well. 

In conclusion, however, it must be admitted that the role of 
the bacteria in the gut of Calandra is obscure. What the 
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relation between the two organisms—bacteria and Oalandra 
—may be, no one really knows. Under these circumstances, to 
describe the behaviour of the bacteria and Calandra as 
symbiotic is premature, misleading, and unjustifiable. 

VIII. Transmission of the Intracellular Bacteria from 
one Generation to the Next. 

(a) The Female Genital Organs and the ‘Ovarian 
Bacterial Cells ’. 

The infection of a new generation takes place in the ovarioles. 
There are two ovaries, each consisting of two acrotrophic 
ovarioles which open into a common oviduct. The two oviducts, 
one from either side, open into the uterus, which leads into the 
vagina. The anterior extremity of the latter is expanded to 
form the bursa copulatrix. Into the dorsal surface of the 
vagina, near its posterior end, opens a very narrow tube which 
leads into the horseshoe-shaped thickly chitinized receptaculum 
seminis. 

Examination of an ovariole discloses the presence at its tip 
of a group of ‘ bacterial cells ’ similar to those surrounding the 
mesenteric caeca of the adult. These ‘ bacterial cells ’ are 
closely associated with the germarium and are enclosed within 
the delicate membrane investing the whole ovariole. In male 
gonads such ‘ bacterial cells ’ are absent. 

(fc) Infection of the Egg. 

During oogenesis the bacteria leave their host-cells (fig. 4, 
PL 22) and pass backwards into the germarium, where they are 
to be found in the nutritive fluid scattered in between the 
developing oocytes and the nutritive cells. Growing eggs in 
the germarium are found to be infected (fig. 5, PI. 22). In all the 
subsequent stages of growth of the ovarian egg similar infection 
has been observed in the cytoplasm (fig. 6, PI. 22). Within the 
cytoplasm this infection remains and when the yolk is deposited 
the bacteria are to be found scattered in between the globules 
(fig. 7, PI. 28). The bacteria remain throughout the early stages 
of embryonic development in a similar position. 

NO. 291 f f 
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In some females the genital ducts were found to contain practi¬ 
cally pure cultures of similar bacteria; in all the males examined 
no bacteria were seen in the corresponding organs. Further, it 
has-been observed that masses of bacteria pass down among 
the growing oocytes into the uterus. So the balance of evidence 
seems to point to the fact that the bacteria present in some 
female ducts come down from the tips of the ovarioles. It 
seems that owing to the large number of bacteria present in the 
region of growing eggs, the infection of the uterus is direct and 
not through the exterior genital aperture from the proctodaeum 
as Buchner (1928fe) assumes for Hylobius, Otiorrhyn- 
chus, and the great majority of infected Curculionids. 

The bacteria in the genital ducts of the female of Oalandra 
take no part in the infection of the eggs. 

IX. The Bacteria during Embryonic Life. 

(o) Formation of the ‘ Alimentary Bacterial Cell- 
mass 

The formation of the ‘ alimentary bacterial cell-mass ’ 
(‘ accessory cell-mass ’) has been dealt with previously (Mansour, 
1927). It need only be mentioned here that the change in the 
cytoplasm of the cells forming this mass is due to the invasion 
of bacteria from the surrounding yolk-mass. 

The * bacterial mass ’ in question appears in all developing 
eggs and is present in all larvae. It is destined to infect the 
alimentary canal of the adult. 

(V) Formation of the Genital Rudiments and the 
Appearance of the 1 Ovarian Bacterial Cells’. 

The genital rudiments are paired. They are differentiated at 
a very early stage in the embryonic development. They first 
appear as a mass of cells situated at the posterior end of the egg 
in between the yolk-mass and the blastoderm. Towards the end 
of the embryonic life these rudiments are situated in the dorsal 
region of the posterior half of the embryo. They retain this 
relative position throughout the latter part of the embryonic 
period and the whole of the larval stage. 
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lamination of a number of genital rudiments in late 
embryos and larvae shows that two types can be distinguished, 
one associated with few bacterial cells (ov b c, fig. 9, PI. 23), 
and from its developmental history giving rise to ovarioles, the 
other free from such cells and giving rise to testes (fig. 8, PI. 28). 

The rudiments destined to give rise to ovarioles (fig. 9, PI. 23) 
show bilateral symmetry and each half consists of a small mass 
of ‘ bacterial cells ’ (ov b c), a mass of germ-cells (fe g c), and 
a few basal cells with deeply staining nuclei (bs o). 

The mode of infection of the ovarian rudiments has not so 
far been followed in detail. Apparently some of the cells asso¬ 
ciated with these rudiments, while still close to the yolk-mass, are 
invaded by bacteria coming from the inner cytoplasm of the egg. 

X. Formation of the Ovarioles during Metamorphosis. 

Every ovarian rudiment gives rise to two ovarioles and an 
oviduct. The basal cells grow backwards in the form of a V- 
shaped tube, while the other constituents of the rudiment are 
separated into two equivalent sets, each set consisting of a mass 
of germ-cells and a group of ‘ bacterial cells ’. At this stage the 
developing ovariole is club-shaped (fig. 10, PI. 23). The germ- 
cells divide actively and block the cavity of the tube, whose 
walls become very thin and form the inner coat of the ovariole 
( icdo , fig. 11, PI. 23). The bacterial mass increases slightly in 
size and remains all the time at the anterior extremity. Prom 
the point of junction of the developing ovarioles, the oviduct 
grows backwards to meet the other genital ducts, which in the 
meantime have been developing inwards from the hypodermis, 
and by the time metamorphosis is completed, the oviducts are 
found continuous with the uterus. 

XI. Mode of Transmission of the Intraobllular Bacteria 

in other Infected Curculionids. 

. Masses similar in appearance and in behaviour during meta¬ 
morphosis to the bacterial mass of 0. oryzae have been 
described by the present author (1927) in 0. granaria and 
Hylobius abietis. Inthe case of 0. granaria it has been 

F f 2 
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ascertained that the mode of infection of the egg is similar in 
all respects to that described for 0. oryzae. 

Similar ‘ bacterial masses ’, probably behaving in a similar 
fashion, were also described by me in Odioporus glabri- 
collis and Rhyncolus lignarius. 

Examination of the larvae of Rhyncolus lignarius dis¬ 
closes the fact that the genital rudiments are of two kinds, one 
with cells similar to those of the infected mass, and the other free 
from such cells. Probably further work would prove that the 
rudiments with infected cells give rise to ovarioles, and that the 
mode of infection is similar to that which has been described 
for Calandra. 

Buchner (1928 a) independently confirms the present author’s 
observations on Hylobius, and describes similar masses in 
Otiorrhynchus inflatus, Pissodes notatus, Cryp- 
torrhynchus lapathi, Cionus sp., Sibina pellu- 
cens, Protapion aeneum, and Oleonis sp. 

With regard to the mode of infection of the eggs of these 
Curculionids, Buchner describes two methods: one for the 
family Cleonidae, and the other for the rest of the infected 
Curculionids, with especial reference to Hylobius abietis 
and Otiorrhynchus inflatus. 

With regard to the mode of infection in the Cleonidae, Buchner 
(1928 a, pp. 41-8) writes : ' So far I have found the counterpart 
of the fungus syringes in Siricidae, Cerambycidae, and Anobiidae 
only in the Cleonidae—it takes the form of bacterial syringes. 
At the place where the last segment joins the penultimate and 
which in the position of rest is withdrawn into the preceding 
segment, the narrow orifices of a long club-shaped organ lie on 
both sides. On crushing the syringe endless masses of slender 
symbiotic bacteria are squeezed out. We have not yet had the 
opportunity of observing the function of these syringes during 
oviposition, so that we cannot decide whether clumps of bacteria 
issuing from the orifices and sticking to the egg surface are eaten 
by the young larva, or whether the bacteria make their way in 
through the micropyle, and are thus introduced into the next 
generation much earlier.’ 
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He describes and figures four large ‘ Bakterienorgane 
apposed to the wall of the anterior portion of the mid-gut of 
Cleonus, but admits that in the adult he has not been able 
to demonstrate the presence of ‘ bacterial cells ’ along the 
mesenteron. Evidently these masses are not to be compared 
with those of Oalandra, Hylobius, &c., and need not 
concern us here. 

The case of Hylobiusand Otiorrhynchus,on the other 
hand, raises important points. 

With reference to the mode of transmission in these two 
insects, Buchner (in the same work, p. 44) mentions : ‘ So far, 
it is only in Hylobius and Otiorrhynchus that I can say 
that transference takes place in such a simple and ingenious way. 
Here I find, in the large bursa copulatrix, considerable quan¬ 
tities of bacteria near and between the sperm masses, and I 
assume that they enter the micropyle of the weevil’s egg with 
the spermatozoa. Evidence for this must be sought by further 
difficult research.’ 

The same author (1928 b, p. 32) adds that in the great 
majority of weevils this is evidently the original mode of 
infection of the egg, and assumes that the bacteria in the 
genital ducts of the female come from the proctodaeum through 
the anus and the external genital aperture. He also mentions, 
without giving evidence for such a statement, that the ovarian 
eggs are not infected, and that the fate of these bacteria during 
embryonic development has not yet been determined. 

It has been pointed out (p. 480) that similar bacteria are found 
free in the female genital ducts in the case of Oalandra and that 
these organisms pass downwards from the tips of the ovarioles. 
It may be that the bacteria in the female genital ducts of 
Hylobius and Otiorrhynchus have a similar origin. As 
there is no evidence at all for Buchner’s assumptions that the 
bacteria enter the egg with the sperms, it is probable that further 
work on Hylobius and Otiorrhynchus will prove that 
the mode of infection is similar to that which has been described 
for Oalandra. 
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XII, Summary, 

1. The bacteria within the ‘ bacterial cells ’of Calandra 
are in the form of bacilli. 

2. The bacilli do not pass into the alimentary tract of the 
larva. 

8. In the adult the bacilli pass from their host-cells into the 
lumen of the gut, mix with the food there, and pass out with 
the faeces mostly in the form of cocci. 

4. The relation between Calandra and the intracellular 
bacteria is obscure and so far cannot be described as symbiotic. 

5. ‘ Bacterial cells ’ have been found at the anterior tips of 
the ovarioles. 

6. The ovarian eggs are invaded at a very early stage during 
their growth by bacteria coming from the ‘ ovarian bacterial 
cells ’. 

7. The bacteria remain in the cytoplasm of the egg scattered 
in between the yolk globules throughout the early embryonic 
life. 

8. In all developing eggs the ‘alimentary bacterial cell- 
mass ’ appears during the latter part of embryonic life. 

9. In the eggs destined to give rise to females the genital 
rudiments are associated with ‘ bacterial cells 

10. The developmental history of the ‘ ovarian bacterial 
cells ’ has been followed out. 
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EXPLANATION OP PLATES 22 AND 23. 

All figures are from camera lucida drawings. 

List of Reference Letters. 

6, bacteria or bacterium; bs c, basal cells ; cy, cytoplasm ; / c, follicular 
cells ; fe g c, female germ-cells ; ft c, fat cells ; icdo , inner coat of the 
wall of developing ovariole; mage, male germ-cells ; m 6, mass of bacteria; 
mg ep, mid-gut epithelium ; mus w, muscular wall; n, nucleus ; nl, 
nucleolus; oedo, outer coat of the wall of developing ovariole ; ovbc, 
4 ovarian bacterial cells 9 ; yg , yolk-globule. 

Plate 22. 

Fig. 1.—Portion of a transverse section through the anterior region of 
the mid-gut of an adult showing infected epithelial cells. Schaudinn and 
Giemsa. x 600. 

Fig. 2.—An epithelial cell with a mass of bacteria (m 6) within the cyto¬ 
plasm. Schaudinn and Giemsa. x 800. 

Fig. 3.—Portion of a transverse section through the anterior region of 
the mid-gut of an adult showing the passage of a mass of bacteria into the 
lumen of the gut. Schaudinn and Giemsa. x 800. 

Fig. 4.—Portion of a section through the anterior tip of an ovariole 
during oogenesis. Schaudinn and Giemsa. x 800. 

Fig. 5.—A section through a very young oocyte while still in the ger- 
marium, showing bacteria (6) already in the cytoplasm. Schaudinn and 
Giemsa. x 900. 

Fig. 6.—A section through an oocyte surrounded by follicular cells- 
The size at this stage is nearly half that of the fully grown egg. Schaudinn 
and Giemsa. x 480. 
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Plate 23. 

Fig. 7.—A portion of a section through an almost fully grown egg, 
showing bacteria (b) in between the yolk-globules (y g). Schaudinn and 
Giemsa. x 900. 

Fig. 8.—Portion of a longitudinal section through a second instar larva, 
showing one male genital rudiment. Carl and Delafield’s haematoxylin. 
x 400. 

Fig. 9.—Portion of a longitudinal section through a second instar larva, 
showing one female genital rudiment with ovarian bacterial cells (ov b c). 
Carl and Delafield’s haematoxylin. x 400. 

Fig. 10.—Portion of a longitudinal section through a prepupa, showing 
one developing ovariole with ‘ovarian bacterial cells’ (ov b c) at the 
anterior extremity. Carl and Delafield’s haematoxylin. x 350. 

Fig. 11.—Portion of a longitudinal section through, a pupa showing an 
ovariole at a stage later than that represented in the previous figure. Carl 
and Delafield’s haematoxylin. x 350. 

Appendix. 

Since this article was written, I have examined Baris 
maculipennis, a Curculionid which breeds in the fruits of 
Citrellus colocynthis. This weevil was found to harbour 
intracellular bacteria similar in their relative position to those 
of Galandra and Hylobius. The genital rudiments are 
of two kinds, one with and the other without bacterial cells. 
This supports what has been mentioned on p. 438 concerning 
the transmission of such intracellular bacteria in infected 
Curculionids. 
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Introduction. 

Our present knowledge of the thyroid gland has been derived 
chiefly from the investigations of workers on the human gland. 
A comparatively small amount of work has been done on the 
thyroids of the lower animals, and this has been chiefly of an 
experimental nature, very little attention having been paid to 
the histology. 

In 1924, Mrs. Bisbee (Euth C. Bamber) (1), Lecturer in Zoology 
at the University of Liverpool, put forward an interesting 
suggestion as to the possible connexion between Braxy and 
thyroid activity in sheep. 
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MeCarrison (5, 1917) and others have demonstrated a 
seasonal prevalence of goitre in human beings, and Seidell and 
Fenger (10, 1912), by iodine estimations, demonstrated a 
seasonal variation in the activity of the thyroid glands of sheep, 
hogs, and cattle. It is very widely stated that a seasonal 
variation has been found in the glands of all animals investi¬ 
gated, but this statement appears to rest entirely on the work 
of Seidell and Fenger. Martin (8, 1912), however, working in 
the British Isles on sheep alone failed to find any definite 
seasonal variation; also it is by no means clear that Seidell 
and Fenger’s results were not complicated by sex variations 
which certainly exist and which were not taken into account. 
It seems by no means established, therefore, that seasonal 
variation does occur especially in the sheep of this country. 

In view of this uncertainty, Mrs. Bisbee suggested the present 
investigation into the activity of the thyroid glands of sheep, 
and its correlation with age, sex, season, and locality. Attention 
has also been paid to the influence of castration and pregnancy. 

The sheeps’ glands were obtained from the Liverpool Abattoir, 
and my sincere thanks are due to Mr. Johnstone, meat inspector, 
and to Mr. Boberts of Pritchard and Elsons, butchers, for their 
kindness in giving me every opportunity of obtaining material. 
The laboratory work was carried out in the Zoological Depart¬ 
ment of the University of Liverpool during the year October, 
1924r-Oetober 1925, and I wish to express my thanks to Pro¬ 
fessor Dakin, Dr. Johnstone, and Mr. Horton of this University 
for their interest and suggestions during the course of the work. 
My especial thanks are due to Mrs. Bisbee for suggesting the 
work originally and for much valuable advice in regard both to 
the actual work itself and to the preparation of the paper. 


Material. 

The sheeps’ thyroids used in this investigation were collected 
on Tuesdays or Wednesdays of each week so that the intervals 
between the successive samples were always regular. All the 
glands obtained were removed whole from freshly killed animals 
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and were in most oases placed in the fixative within 15-20 
minutes after the death of the animal, so that the risk of post¬ 
mortem changes was as far as possible eliminated. The number 
. of animals from which glands were taken varied from three to 
six per week according to the variety of material obtainable. 
When the sheep were all of the same age and sex, as was some¬ 
times the case, it was not thought necessary to take more than 
three specimens, but more were taken on the occasions when 
a greater variety of material was obtainable. In all cases the 
approximate age of each.sheep and the district from which it 
came were ascertained. 

The main difficulty, however, connected with this investiga¬ 
tion was the impossibility of obtaining sheep of all kinds at 
regular intervals throughout the year. A regular supply of 
glands from young mature, uncastrated males was obtainable 
from October until the end of May. Young mature castrated 
males were easily obtained from October to the beginning of 
May; but during the summer months from May onwards, when 
the spring lambs were put on the market, it became impossible 
to obtain anything but male and female lambs. Throughout 
the year, the thyroids of mature females have been the most 
difficult to obtain regularly. During the autumn and early 
winter months, from October to January, mature females of all 
ages were as readily obtained as males and wethers ; but during 
the late winter and spring months, from January to May, not 
a single yearling female was obtained, although occasional aged 
females were put on the market. At the beginning of May the 
spring lambs were put on the market, but in addition to these, 
the supply of yearlings persisted throughout this month. These 
consisted of the yearling uncastrated males already mentioned 
and two yearling females which were obtainable on one occasion 
only. From the end of May onwards the glands of male and 
female lambs have been examined in about equal numbers to 
the complete exclusion of older sheep. 

This irregularity in the supply of material has, of course, 
added greatly to the difficulty of obtaining a correct estimate of 
the seasonal and sexual variation in the histological structure 
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of gland. At the same time, however, it emphasizes the need 
for an investigation of this kind, since the records of the seasonal 
variation in the iodine content of sheeps’ thyroids carried out 
by Seidell and Fenger in America and by Martin in the British 
Isles, were derived from composite samples and no attention 
was paid to age or sex. In the case of the American sheep, 
however, variations due to locality were eliminated by including 
in each sample the glands of sheep from all parts of the country. 


Methods. 

The glands were in all cases cut transversely into pieces before 
being placed in the fixative. In cases where only one or two 
portions were taken from one gland, the middle of the gland was 
always used, as it was thought that this would give the best 
estimate of the general condition of the gland. In cases where 
an enlarged isthmus was present, a portion of this was also fixed 
and sectioned. In all cases complete transverse sections were 
taken either from the middle portion of the gland, as mentioned 
above, or from various parts. 

During the course of this investigation many different 
fixatives have been used with varying degrees of success. 
Bouin’s piero-formol was the first to be tried, but this was found 
to be quite useless for sheeps’ glands ; it turned the colloid into 
hard stony masses which powdered on the microtome knife and 
completely ruined the sections. Flemming’s fixative, which is 
recommended by Guyer for thyroid, was also found to be a 
failure. The colloid became so horny in consistency that the 
masses would not cut but came out of the acini whole. Camoy’s 
and Gilson’s fixatives were both tried, but they both produced 
a serious shrinkage of the colloid. Finally, 10 per cent, formalin 
was used and was found very satisfactory. It fixes both cells 
and colloid satisfactorily and does not cause shrinkage. This 
fixative, therefore, has been used throughout the present work. 

The chief stains used have been Mann’s methyl-blue-eosin and 
Mallory’s triple stain. Iron haematoxylin has been used to a 
less extent. 
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The Thyroid Gland of the Sheep. Influence of Season 
on Histological Structure. 

Up to the present time none of the numerous workers on the 
thyroid gland appear to have published any account of the effect 
of season on the histological structure. The minute structure 
of the thyroid has been studied in connexion with temperature; 
also several workers have devoted themselves to a study of 
variation in the iodine content of the gland, which is of course 
correlated with histological changes; but the correlation be¬ 
tween season and histological structure as such, has not, to the 
writer’s knowledge, received any serious attention. 

It is known from McCarrison’s ( 5 , 1917) investigations that 
endemic goitre in man exhibits a definite seasonal prevalence. 
He states that in European countries goitre is supposed to 
originate most commonly in the months of March, April, May, 
and June. Also in parts of Himalayan India which are not 
reached by the monsoon, goitre tends to develop during the 
rainy season. Naturally the development of goitre involves 
drastic histological changes, but McOarrison does not discuss 
the correlation of season with any particular type of histological 
structure ; he accepts seasonal variation of iodine content from 
the work of Seidell and Eenger, and suggests that such seasonal 
variation in the iodine content of the gland may be correlated 
with the seasonal prevalence of goitre. 

Seasonal investigations of the iodine content of the thyroid 
glands of cattle, sheep, and hogs were carried out by Seidell and 
Eenger in America, and similar investigations for sheep only 
were made by Martin in England. In both cases the results were 
obtained by analysis of composite samples of the glands from 
large numbers of animals. In both cases the investigations were 
undertaken not with a view, to studying a seasonal variation, 
but in connexion with an effort to fix a standard for thyroid 
preparations used in medicine. It was therefore of no interest 
to them to ascertain the sex of the animals whose glands were 
used, and the variation found in the iodine content was attri¬ 
buted to the influence of seasonal changes without taking into 
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account the possibility of a seasonal variation in the proportions 
of the two sexes obtained. As it is well known that the iodine 
content, size, and physiological activity of the thyroid varies 
considerably with the sex of the animal, the predominance of one 
sex or the other amongst available material at different seasons 
of the year may have influenced considerably the results ob¬ 
tained. Be that as it may, the fact remains that the results 
obtained in England by Martin (8, 1912) differed widely from 
those obtained in America by Seidell and Penger (10, 1912). 
Martin’s results showed very little variation throughout the 
year. The lowest iodine content obtained was 0-3 per cent, of 
dry weight, and this minim um was obtained twice during the 
year, in the middle of November and again in the middle of 
April. The highest iodine content was 0-4 per cent, of dry 
weight, and was obtained in the middle of July.. The estimate- 
for October 14 was also nearly as high as that for July. Thus it 
is seen that the variation throughout the year in English sheep 
was less than 0-1 per cent. The results of Seidell and Penger 
for American sheep exhibit a strong contrast to this. The 
figures obtained by them show a marked seasonal variation. 
The iodine content altogether is considerably lower than that of 
theEnglishsheep,the highest figure obtained being 0-385 per cent, 
of dry weight on July 7, and the lowest, 0-048 per cent, and 
0-042 per cent, obtained respectively on March 3 and May 26. 
As may be seen from the graph made by Seidell and Penger 
(10, 1912), the curve drawn from the average results reaches 
its highest point early in November, and is at its lowest about 
April 14, and the figures show that the average iodine content 
for the months June to December is roughly three times that for 
December to May. It was also found that the weight of the 
gland varied in inverse proportion to the amount of iodine it 
contained, the average weight of the sheep’s thyroid for s umm er 
and fall being 5-5 gm. and that for winter and spring 8-5 gm. 
A similar seasonal variation was also found in the iodine con¬ 
tents of the thyroid glands of cattle and hogs. In the case of 
the hog the maximum was reached early in September and the 
minimum early in March, whereas the maximum for cattle 
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occurred early in October and the minimum early in Feb¬ 
ruary. 

The present investigation has been devoted to the study of 
the histological structure alone, and this has been used as an 
indication of the activity of the glands. The iodine contents 
have not been estimated, but the weights of the glands have 
been recorded for many weeks in succession at different periods 
of the year. 

The facts with regard to seasonal variation have been deduced 
chiefly from a study of the glands of young uncastrated males 
aged from 3 to 16 months, although both castrated males and 
females have been obtained over sufficiently long periods to give 
significant data. The uncastrated males include: (1) sheep, 
aged from 8 to 15 months, obtained during the period October- 
April (inclusive); (2) lambs, aged 8 months, and sheep aged 
15-16 months, during May; and (8), lambs, aged from 4 to 7 
months, during the period June-August (inclusive). 

It is fully realized that differences of age may have affected 
this account of seasonal variation to some extent. The results, 
however, do not seem to favour this conclusion, and since sheep 
are only bom at one period of the year, viz. during January and 
February, it was impossible to obviate this difficulty. 

For convenience the results will be discussed in this section 
under the periods October-December, January-May, and May- 
August. 

October-December (inclusive). 

The investigations were begun early in October and for the 
first three months, October, November, and December, all the 
glands obtained from first-year males, both castrated and 
uncastrated, were found to be in a fairly uniform condition. 
Practically all the sheep obtained during this period were from 
North Wales, from the area including Ruthin, Mold, Tallycefn, 
Abergele, and Trefnant, the latter place being the most co mm on 
source of supply. There were, however, two uncastrated males 
which came from Yorkshire and whose glands were obtained 
on October 14. The glands of these two males formed the only 
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two exceptions to the account given below for the period 
October-December and will be discussed later. 

The gig-nda of all the other uncastrated males, and most of 
the castrated ones (wethers), contained a very large amount of 
colloid (figs. 1 and 3, PI. 24). The acini were greatly distended, 
until in many cases the epithelial cells were flattened and in 
some examples almost obliterated. There were, however, 
various intermediate stages in which the epithelium was of a 
low cuboidal character. The glands as a whole were charac¬ 
terized by complete absence of new secretion. There was a 
strong tendency to thickening of the intervesicular parenchy¬ 
matous tissue accompanied by an increase in the number of 
fibroblasts. In many cases there was considerable evidence that 
a previous hypertrophic process had been subjected to some 
influence which had caused it to revert to the colloid state 
forming the so-called ‘ colloid goitre ’. For instance, the colloid 
in many cases contained a considerable amount of cell debris, 
and, in the larger acini, plications of the lining epithelium were 
found. 

In many cases these glands possessed a large well-developed 
is thmu s whose structure also exhibited characters of a colloid 
goitre and which was frequently the seat of a tumour which 
will be described in a later paper. 

The most advanced case of goitre was obtained on Novem¬ 
ber 18 from a wether aged about 10 months. In this gland the 
parenchyma had become greatly thickened, but there was a 
varying amount of colloid and some of the acini were quite 
large. The parenchyma was opaque and appeared as an almost 
structureless mass containing an increased number of fibro¬ 
blasts. The epithelial cells were mostly cuboidal in shape and 
there was evidence of a process of cell division the products of 
which had broken down and been cast into the colloid. The 
condition was also complicated by the presence of the tumour 
mentioned above. 

The only gland which showed any noticeable amount of new 
secretion during this period was that of a wether obtained on 
December 2. This gland agreed with all the others in that its 
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acini were greatly distended with large amounts of colloid. It 
also showed an extensive development of the fibrous stroma 
between the acini. Sprig-like projections from the acinar walls 
and a considerable amount of cell debris in the colloid showed 
it to be a gland which had undergone a period of hypertrophy. 
In all these characters it agreed with all other glands obtained 
during the same period, but it differed in that its epithelium 
was cuboidal instead of flat and in that large amounts of new 
secretion were still being poured into the already distended 
acini. McCarrison (6, 1925) records a similar condition arising 
in the glands of young animals under experimental conditions. 
He describes it as ‘ hypertrophic goitre, a balanced exaggeration 
of all the normal features of the gland’s cycle of functional 
activity ’. Only one other similar case has been found during 
the year, and that was the gland of a castrated yearling obtained 
on May 13. 

It is perhaps necessary to mention here that the glands of 
young females which were obtained regularly during the period 
October-December inclusive differed widely in their histological 
structure from those of the uncastrated males and wethers 
obtained during the same period. With one exception, which 
was the last of the series, they were all in a state of active 
secretion (fig. 2, PI. 24). It is not, however, proposed to discuss 
these in detail here as they will be dealt with later, in the 
section devoted to sex. The influence of age on the histological 
structure of the gland will also be discussed in a‘separate 
section. 

The weights of all the thyroids used during the months 
October-December were recorded and compared. The average 
weight of the glands of the first-year uncastrated males during 
this period was 2-34 gm. Those of castrated animals of the same 
age averaged 1-72 gm. and of females 1-98 gm. 

January-early May. 

The glands of the yearling uncastrated males and wethers 
during the following four months, January, February, March, 
and April were not nearly as uniform in character as those 

NO. 291 0 g 
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obtained during the period October-December. In early January 
the colloid condition characteristic of the autumn months 
tended to persist, but later in the month some of the males 
showed a more active condition of the gland. For instance, two 
males and a wether obtained on January 20 all showed signs 
of a return to the active condition. In one of the males the gland 
showed a considerable degree of hypertrophy. The acini con¬ 
tained a variable amount of colloid and the epithelial cells 
lining the acini were vacuolated and varied from a cuboidal to 
a col umn ar condition. One or two large acini in which the 
colloid condition still persisted were present; but on the whole 
the gland showed evidence of extreme activity. There was 
a plentiful supply of new secretion with a reduction in the 
amount of stainable colloid. The fibrous stroma was also well 
developed. 

The thyroid of the wether obtained on the same day showed 
an intermediate condition, the middle of the gland being more 
or less in the colloid condition and the outer regions being more 
active. This arrangement was an almost invariable rule in 
glands in which two different conditions coexisted; the more 
centrally situated acini were always the less active. All the 
glands obtained in the following week, i.e. the last week in 
January, were in the colloid condition and showed no signs of 
recent activity. The gland of the one wether obtained was 
distinctly goitrous in condition. It contained smaller amounts 
of colloid than those of the males taken on the same date, but 
the connective tissue was very much thicker and showed an 
extensive development of fibroblasts. 

The glands of all the yearling uncastrated males obtained 
during February, March, and April showed signs of increased 
activity (fig. 6, PI. 24), in fact the colloid condition was not 
met with again in uncastrated male yearlings until May 13. 
The degree of activity in the glands during February, March, 
and April varied considerably, but all contained a fair amount 
of new secretion. The acini were more or less reduced in size, 
and the epithelial cells, instead of being flat, varied in shape 
from high cuboidal to high columnar and became vacuolated. 
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This increase of activity in the glands was accompanied by a 
marked distension of the capillaries. 

One or two extreme cases were obtained on February 4 and 18 
in which the increased activity of the gland had caused hyper¬ 
trophy. The epithelium in these cases was high columnar and 
showed evidence of active cell division. The acini were reduced 
in size and many of them were irregular in shape owing to 
plications of the lining epithelium. 

The glands of the castrated animals (wethers) during the 
same period, January-May 18, also showed a tendency to 
increased activity (figs. 7 and 9, PI. 25), but they were not as 
consistent as those of the uncastrated males, and although the 
majority were in an actively secreting condition, colloid glands 
without a trace of new secretion occurred sporadically through¬ 
out the period. One of these colloid glands was obtained on 
February 4, those of the uncastrated males obtained on the 
same date being in an active condition. Another was obtained 
on March 5, and was one of three glands taken from wethers of 
the same age and from the same district, the other two being in 
a very actively secreting condition. Two more were from sheep 
killed on April 22. One of the glands weighed 6-01 gm. and was 
the heaviest gland obtained during the year. The other gland 
appeared to be in an inert condition with small acini and no 
new secretion. 

From April 22 to May 10 the glands of all the yearling wethers 
were secreting actively and all showed a tendency to hyper¬ 
trophy (figs. 7 and 9, PI. 25). One gland obtained from a wether 
on May 18 was in the colloid condition, but as this was the last 
date on which wethers were obtainable, it was impossible to 
carry this line of investigation any further. This was disappoint¬ 
ing because, in the case of the uncastrated males, the beginning 
of May proved to be another turning-point in the seasonal 
variation. 

No glands were weighed during the spring months until 
March 11. From this date onwards the weights were recorded 
consecutively for castrated males alone. The average weight 
for castrated yearlings during the period March 11 to May 18 
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was 2-96 gm. This was considerably heavier than the average 
for the aut umn and winter months. It was one of the glands 
during this period which weighed 6-01 gm. and, as noted above, 
was the heaviest gland obtained during the year. 

Early May—middle of August. 

From May 6 onwards male and female lambs aged 8 months 
and over were obtainable, the males amongst the spring lambs 
being in all cases uncastrated. In addition to these the supply 
of yearling uncastrated males persisted throughout May, and 
on one occasion mature females were obtained. This was 
fortunate because the condition of the glands of these yearlings 
proved that the renewal of the colloid condition of the gland 
found in the younger lambs at this period was a definite seasonal 
change and was not due entirely to the difference in the age of 
the animals whose glands were used from the beginning of 
May onwards. 

On May 13 the glands of three uncastrated yearling males 
were obtained, two of which were in the colloid condition, 
while the third was very actively secreting (fig. 10, PI. 25). On 
May 27 the glands from four yearlings, two uncastrated males 
and two females, were obtained, and all were found to be in the 
colloid condition (figs. 11 and 12, PI. 25). The gland of one of 
the females was a diffuse colloid goitre, the amount of colloid 
being so great that some of it had forced its way out of the acini 
and lymph channels and had formed large translucent globules 
in the gland, which were clearly visible to the naked eye. 
Evidences of previous hypertrophy were present in the gland 
(fig. 11, PI. 25) . 

The first spring lambs, aged from 2 to 3 months, were obtained 
on May 6, and an examination of their glands showed that these 
were also in the colloid condition, with greatly distended acini 
lined by flat epithelium. On May 20 the glands of five spring 
lambs, two females and three males, were obtained, and on this 
occasion it was found that the glands from the females were 
actively secreting, whereas those of all the males were in the 
colloid condition. One of the female thyroids was very active 
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and exhibited a certain amount of hypertrophy, but the other 
was active in certain areas only, the rest of the gland being in 
the colloid condition with acini of moderate size lined by flat 
epithelium. 

From the beginning of May until the middle of August the 
glands of all the male lambs were found to be in the colloid 
condition, and many of them showed evidence of some degree of 
previous hypertrophy. 

The glands of female lambs examined during the same period 
were not as uniform in appearance as those of the males. All 
contained large acini, but the amount of new secretion varied 
considerably. In some cases the epithelium was cuboidal and 
new secretion was entirely absent. In the cases in which the 
gland was producing new secretion, this activity was not as 
a rule associated with any diminution in the amount of older 
colloid. Many of the glands had cell debris in the colloid and 
the acinar walls were several cells thick, suggesting previous 
hypertrophy. Some of the glands were of a mixed character, 
the more centrally situated acini being in the colloid condition, 
while the outer areas of the gland were more actively secreting. 

All the glands obtained between May 6 and July 8 were 
weighed and the averages calculated. It was found that in the 
cases of lambs the glands of females were heavier than those of 
males, the average weight for male spring lambs being 2-87 gm. 
and that for females 2-43 gm. The average weight for yearlings 
during May was greater than that for lambs, the average weight 
for uncastrated males being 8-78 gm. and that for females 
2-55 gm. A comparison of these weights with those obtained 
for the autumn and early winter months shows that the glands 
of both sexes are heavier during May and June than during 
October, November, and December. The increase is obviously 
not due entirely to a difference in age as the glands of 4-month- 
old lambs in June were heavier than those of 9- or 10-month- 
old lambs in November and December. 

A summary of the results obtained shows that there is a 
definite seasonal variation in the condition of the glands of 
young uncastrated males. The colloid condition of the gland 
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which prevailed during the autumn and early winter months 
was replaced at the end of January by a more active condition 
which continued until May, when it gave way once more to the 
colloid condition. The glands of castrated animals were only 
obtainable during the period October to May, but during this 
timft their condition was more or less in agreement with that of 
the uncastrated males. They showed the same seasonal varia¬ 
tion, but during the spring months when the glands of the 
young uncastrated males were all actively secreting, those of 
the wethers were not as uniform in condition and a few colloid 
glands were obtained. The glands of young females were only 
obtainable at two seasons of the year, viz. the autumn and 
again during the summer months May to August, 1 but a striking 
difference was observed in the glands obtained during these two 
periods. During the autumn the glands were all actively 
secreting and showed a reduction in the amount of old colloid 
accompanied by a tendency to hypertrophy. During the summer 
months, on the other hand, the glands contained very large 
amounts of colloid and the acini were greatly distended. In 
fact the glands of females, both spring lambs and yearlings, 
during this period, differed very little in condition from those 
of the males. The main difference observed was that the 
epithelium was not as flat in the females as in the males, and 
many of the female glands were producing a certain amount of 
new secretion in spite of the presence of large amounts of colloid. 

It is of interest to notice in this connexion that the return of 
the glands of uncastrated male sheep to the colloid condition at 
the beginning of May coincided with a great increase of tempera¬ 
ture which took place throughout the British Isles at that time. 
From the experiments of Mills (9, 1918) with the glands of 
guinea-pigs, it is known that an increase of temperature induces 
the colloid condition, whereas a decrease of temperature causes 
increased activity. This would provide a satisfactory explana- 

1 The glands obtained during the autumn were from mature females 
aged 8—11 months. Those obtained during the summer months were from 
lambs aged 3—7 months, with the exception of two which were obtained 
in May from mature females. 
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tion of the prevalence of the colloid condition in the glands of 
both sexes during the summer, but it does not explain the occur¬ 
rence of the colloid condition in the glands of all the Welsh 
ma.lp.s during the autumn and early winter months, for this 
period included some of the coldest days of the year. The active 
condition of the glands of female sheep during this period does 
agree with the observations of Mills for guinea-pigs, but in the 
case of males, at any rate, the seasonal variation does not seem 
to depend entirely on changes of temperature. 

Influence of Age on Histological Structure. 

Most of the evidence in regard to the effect of age on the 
histological condition of the thyroid seems to have been derived 
from the study of the human thyroid, and the accounts given 
by the various workers are not entirely in agreement; for 
instance, McCarrison (5,1917) states that after the age of 40 in 
human beings the gland tends to atrophy, the epithelium 
becomes less active, and its colloid and iodine content decreased. 
In opposition to this we have the account given by Vincent 
(12, 1922), who states that the maximum iodine content in 
the thyroid of man is found between the ages of 40 and 60 
years. 

In a -later paper McCarrison (6, 1925) classifies goitre into 
three types and states that the incidence of acquired hyper¬ 
plastic or parenchymatous goitre is low in early childhood, but 
increases gradually with advancing years ; whereas colloid 
goitre has its highest incidence in early life, tending to disappear 
after full maturity has been attained. The remaining type, the 
hypertrophic goitre, described as an early stage of the parenchy¬ 
matous goitre, tends to arise in young animals under insanitary 
conditions. Marine and Lenhart (7, 1909), on the other hand, 
state that the colloid condition occurs in older animals and 
active hyperplasias in young animals. 

Nothing is known about the effect of age on the histological 
structure of the sheep’s thyroid, but in 1918 Sutherland Simpson 
(11) published an account of some interesting experiments 
which he carried out on the relation of age to the effects of 
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thyroidectomy in sheep. It was found that the removal of the 
thyroids and internal parathyroids from 2-year-old sheep had 
no deleterious effects on the animals provided they were kept 
under hygienic conditions. The same operation was performed 
on 6-7-month-old lambs and they also suffered no ill-effects, 
but 2-month-old lambs developed into typical cretins as a result 
of the operation, and lambs aged from 5 to 7 weeks developed 
tetany and died. These experiments suggest that the thyroid 
is a much more important organ in the young lamb than it is 
in the adult sheep. 

In the present paper an attempt has been made to correlate 
age with thyroid activity. The results so far discussed in con¬ 
nexion with seasonal variation have included only the young 
sheep aged from about 4 to 16 months, but in addition to these 
older animals were obtained periodically until May 6. Uncas¬ 
trated males, females, and wethers, all older than 21 months, 
were obtainable on various occasions, but not in sufficient 
numbers nor at sufficiently regular intervals to enable one to 
form any estimate of a seasonal variation in their thyroids ; 
the ages of these sheep ranged from 1 year 9 months to 4 years 
and over. 

From the foregoing section it is clear that in all young 
animals the thyroid goes through alternate periods of activity 
and rest, and that these changes are correlated with season. 
In older animals, on the other hand, there seem to be no such 
obvious seasonal changes. 

During October and November the glands of four old sheep 
were obtained, two from wethers aged 1 year and 9 months and 
two from 4-year-old females. In contrast to the glands of the 
younger animals obtained during the same period, none of these 
four glands was completely in the colloid condition. In the 
glands from the two castrated males the acini were very 
irregular in size, some containing a moderate amount of colloid, 
others practically none. There was a small amount of new 
secretion and the epithelial cells were more or less cuboidal. 
The connective tissue was thickened and one gland was dis¬ 
tinctly goitrous in character. Both glands contained tumours, 
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one small and the other large. The glands of the females were 
less goitrous than those of the wethers and contained rather 
more colloid. The connective tissue was not abnormally thick¬ 
ened and the epithelial cells varied from a cuboidal to a low 
columnar shape. The amount of new secretion in both cases 
was small, but groups of cells were present in many of the 
acinar walls, particularly in the outer regions of the gland 
where the acini were small. The heavier of the female glands 
contained a large tumour. 

During January and February the glands of seven older 
animals were examined. On January IS the glands of three 
castrated animals of different ages were obtained. The ages 
were 2 years, 2 years and 9 months, and 8 years respectively. 
The gland of the 2-year-old animal was in the colloid condition 
with greatly distended acini and flattened epithelial cells. It 
was practically devoid of new secretion and contained a large 
tumour. The gland of the animal aged 2 years and 9 months 
was also in the colloid condition, but the epithelium in this case 
was low cuboidal instead of flat and there was no tumour. In 
some parts of the gland there was evidence of previous active 
cell division. The gland of the 8-year-old animal was in a condi¬ 
tion of active hypertrophy. The size of the acini was variable 
throughout the gland. In some areas colloid was almost absent; 
and the epithelial cells in most areas were in a state of active 
cell division. 

February 10 was the next date on which glands were obtained 
from aged animals. On this date the glands of four females, 
three of which were pregnant, were obtained. All were found to 
be in the colloid condition with flat acinar epithelium and no 
new secretion. The connective tissue was greatly thickened in 
all four cases, but was more opaque and goitrous in appearance 
in the pregnant than in the non-pregnant animals (cf. figs. 4 
and 5, PI. 24). In the latter the intervesicular parenchymatous 
cells were not as completely atrophied as in the pregnant 
females. The glands of the pregnant females all contained 
tumours. No more glands from aged animals were obtained 
after this date until April 29, when glands were taken from an 
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aged female and a 3-year-old wether. That of the female was 
in the colloid condition throughout. The epithelium was com¬ 
pletely flattened and the acini were fairly regular in size and 
shape and all greatly distended with colloid. Traces of previous 
hypertrophy "were present in the form of localized thickenings 
of the connective tissue. The gland of the 3-year-old wether 
(fig. 8, Pl. 25) was also mainly in the colloid condition with signs 
of recent hypertrophy in the form of infolded acinar walls and 
areas of cell multiplication. In one area the hyperplastic 
condition still persisted. The epithelium throughout was mainly 
low cuboidal. In the following week the last of the series of 
glands from aged animals was obtained. This was from a very 
old male whose age could not be definitely determined. The 
gland was one of the heaviest obtained, its weight being 
5*12 gm. It was in the colloid condition throughout with greatly 
distended acini of irregular size. The intervesicular tissue was 
greatly thickened and invaded by fibroblasts. In many of the 
larger acini the epithelium was plicated in places and the 
colloid contained cell debris from an earlier hyperplastic condi¬ 
tion of the gland. A very large tumour was present. 

Viewed as a whole, these results seem to point to the conclusion 
that the colloid state is the one most commonly found in the 
glands of old sheep, irrespective of sex or season, although it is 
fully realized that the glands examined were too few to admit 
of any but the most tentative of generalizations. The fact, 
however, that with one exception all the glands of aged animals 
obtained between January 13 and May 6 were in the colloid 
condition, whereas during this period those of the young animals 
obtained were found to be actively secreting, does suggest that 
the apparently permanent colloid condition is directly related 
to the advanced age of the animals. The colloid condition in 
young animals after its disappearance in early January did not 
appear again until the beginning of May. 

With increasing age, therefore, the gland appears to lose its 
power of response to environmental changes. 
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Influence of Locality on Histological Structure. 

Most of the sheep used in this investigation have been ob¬ 
tained from North Wales, from the area including Denbigh, 
Ruthin, Mold, Abergele, Wrexham, Corwen, and Trefnant. The 
only exceptions were three sheep (two males and one female), 
obtained from Yorkshire, and eleven spring lambs from Ireland. 
The exact district from which the Irish lambs came was not 
known. 

Mention has already been made of the fact that the glands of 
the Yorkshire sheep differed from those of the Welsh sheep 
obtained during the autumn months. Whereas the glands of 
the Welsh uncastrated males during this period were all in the 
colloid condition with a strong goitrous tendency, those of the 
two uncastrated males from Yorkshire were in a much less 
extreme condition. The acini were very varied in size, but none 
of them were as large as those of the Welsh males. Also there 
was a certain amount of new secretion and in some regions the 
capillaries were somewhat dilated. In fact, both showed a 
moderate amount of activity. The gland of the Yorkshire 
female was in a similar condition to that of the males and was 
not as active as those of Welsh females. None of the glands 
showed evidence of hypertrophy. It is of course impossible to 
draw any conclusion on the evidence of three glands, but their 
condition is recorded because they showed an interesting 
variation from the general rule, which was possibly due to a 
difference of locality. 

The only other exceptional gland obtained during the same 
period was that of a Welsh female obtained on December 9 
from Abergele. This gland, instead of being in the actively 
secreting condition which was characteristic of all other females 
of the same age, was in the colloid condition, with distended acini 
lined by flat epithelium and without any trace of new secretion. 
It showed no signs of previous activity. The condition of this 
gland is interesting in view of the fact that this was the only 
occasion on which sheep were obtained from a place near the 
sea-coast, and it is known from the records of various workers 
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on the thyroid gland that there is a higher iodine content and 
less activity in the glands of animals living near the sea-coast, 
due probably to an increase in atmospheric iodine. Hunter and 
Simpson (4, 1914) estimated the iodine content of sheep pas¬ 
tured in the Orkney Islands and found that the glands contained 
a very high percentage of iodine, in some cases about three 
times the normal amount. 

The glands of the Irish lambs obtained during June and July 
showed no diff erence in either sex from those of the Welsh 
lambs obtained at the same time. As the part of Ireland from 
which they came was not ascertained, it was impossible to say 
whether they had pastured in a similar environment to that of 
the Welsh lambs or whether the similarity was due to the fact 
that the seasonal influence in this case was stronger than any 
local influence. 

Influence of Sex on Histological Structure. 

It is well known from the work of McCarrison (5, 1917) that 
in man the thyroid gland of the female is larger, more active, 
and contains more iodine per unit of body-weight than that of 
the male. Fenger (3,1914) also states that in cattle the females 
contain more thyroid tissue and more iodine therein per unit 
of body-weight than the males. It is also known that after 
sexual maturity is attained in human beings endemic goitre 
is more co m mon in females than in males, although up to the 
age of puberty it affects both sexes equally. 

The present investigations have shown that in sheep there is 
a very definite difference in the condition of the gland in the 
two sexes during the months October, November, and December 
(cf. figs. 1 and 2, PI. 24). All the glands obtained from yearling 
uncastrated males during this period were in the colloid condi¬ 
tion, with the exception of two, which were from a different 
district, but the glands of yearling females during the same three 
months were all in a very actively secreting condition. The ac ini 
were diminished in size and there was a reduction in the amount 
of old colloid. The epithelium lining the acini was colu mn ar, 
whereas in the males it was flat. In practically all the females 
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it showed some degree of hypertrophy either in the form of cell 
multiplication or by the folding of the epithelium into the colloid 
in some of the acini. The only gland whose condition did not 
conform to the description given above was that of the female 
obtained on December 9 from Abergele. This gland has already 
been discussed in the section on the influence of district. Its 
condition resembled that of the males obtained on the same date 
much more than any of the females obtained during the same 
period. 

In addition to the difference in structure of the glands of the 
two sexes, there was also a difference in the average weights, 
that for yearling uncastrated males being 2-34 gm. as compared 
with 1-98 gm. for yearling females. 

The failure of the supply of thyroids of young females during 
the late winter and spring months made it impossible to estimate 
the sex difference during this period. It has already been stated 
in the section dealing with the effects of age that there was no 
sex difference in the glands of older animals during this period. 

During the summer months, May, June, July, and August, 
females were again obtainable, although with the exception of 
those obtained from yearlings on May 27, all the glands examined 
during this period were from young lambs aged from 4 to 7 
months and which therefore were not sexually mature. 

The glands of the four yearlings, two uncastrated males and 
two females, obtained on May 27, have already been described 
in the section dealing with the effects of season on histological 
structure. Portions of two of them are represented in figs. 11 
and 12, PI. 25. All were in the colloid condition and showed 
evidence of having previously undergone a period of activity. 
This was particularly evident in the case of one of the females. 
This gland, which was the lightest of the four, exhibited an 
extreme condition of diffuse colloid goitre. The acini and lymph 
channels were greatly distended, and in addition much of the 
colloid had escaped and was lying free in the gland, enclosed 
only by the surrounding connective tissue capsule, and when 
the gland was cut it poured out as a viscous fluid. An examina¬ 
tion of the sections showed that throughout the gland the acini 
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were invaded by plications of the lining epithelium whose cello 
were flattened. Cell-masses were present in the epithelium of 
some of the acini and the colloid contained desquamated masses 
of cell debris which had been cut off from the lining epithelium. 
The cells were not uniformly flat throughout the gland, although 
this condition was most common, but in some of the very large 
acini the cells retained their columnar shape in spite of the 
amount of colloid present, and some of them were still producing 
globules of new secretion. 

The gland of the other yearling female was also in the colloid 
state, but its condition was not nearly so extreme. The colloid 
condition was most pronounced in the middle of the gland, 
tending to give way to a more active state in the outer regions. 
The glands of the two uncastrated male yearlings were purely 
colloid in condition (fig. 12, PI. 25), and showed no trace of new 
secretion. The acinar epithelium of both showed evidence of 
previous activity in some parts of the glands. 

The glands of the males were distinctly heavier than those of 
the females. They weighed 4-.11 gm. and 3*29 gm. respectively, 
whereas the females only weighed 2-37 gm. and 2-73 gm. 

The glands of the male and female lambs obtained during 
May, June, July, and August were also with very few exceptions 
in the colloid condition, but whereas those of the males were all 
pure colloid glands throughout and contained practically no 
new secretion, most of the glands from females were producing 
a certain amount of new secretion in some parts if not through¬ 
out, in spite of the fact that the acini were quite as large and 
contained as much colloid as those of the males. The acinar 
epithelium was flat in the glands of most of the males, but in 
the females it was more often cuboidal, although a certain 
amount of variation occurred in both. This difference in the 
condition of the acinar epithelium was the only difference 
observed in the glands of the two sexes during the summer 
months, but as the animals from which the glands were obtained 
were not sexually mature, one would perhaps scarcely expect to 
find a very striking difference between the sexes. The glands 
of the very few yearlings obtained during May agreed with those 
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of the lambs in showing very little difference between the sexes, 
but as only two females and five males were obtained it is 
impossible to draw any reliable conclusions. 

The average weight of the thyroid of female lambs for the 
four months under discussion was 2-56 gm. as compared with 
2-87 gm. for males. The two female yearlings averaged 2-55 gm. 
and the five males 8-78 gm. 

Thus it is clear that a marked difference in the histological 
structure of the glands of the two sexes was found only during 
the autumn and early winter months. The condition of the 
females during the spring months was not recorded, but during 
the summer months very little difference was found in the glands 
of the two sexes, either in spring lambs or in yearlings. 

Influence of Castration. 

Practically nothing is known of the effect of castration on 
the human thyroid ; but Fenger (3,1914), in his investigation 
of the iodine content of the thyroid gland of cattle, found that 
castrated males contain less thyroid tissue than either un¬ 
castrated males or females, and that the iodine content per unit 
of body-weight is intermediate between that of the uncastrated 
male and the female. 

With regard to the amount of thyroid tissue in castrated 
animals, the present results are entirely in agreement with those 
of Fenger. All the thyroids obtained during the months 
October, November, and December were weighed and the 
averages calculated. It was found that the thyroids of the cas¬ 
trated animals were lighter than those of either the males or 
the females, averaging only 1-72 gm., whereas the glands of 
females averaged 1-92 gm. and those of the males 2-84 gm. 
During the spring months only a proportion of the glarids 
obtained each week were weighed, but these showed a similar 
difference in the average weights of castrated and uncastrated 
males. The average for the uncastrated males was 8-58 gm., and 
that for the wethers, 2-86 gm. 

With regard to the histological structure, the glands of 
wethers in most cases seemed to follow fairly closely the 
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seasonal variations observed in the glands of uncastrated males, 
except that during the early spring months, when the glands of 
all the mal es changed from the colloid to the actively secreting 
condition, the glands of the wethers were much more varied in 
their condition. Some became actively secreting, like those of 
the uncastrated males, while others remained in the colloid 
condition. 


Influence of Pregnancy. 

Most of the workers on the human thyroid state that an 
enlargement of the gland usually occurs during pregnancy. 
McCarrison has observed that goitres commonly originate during 
pregnancy and that enlargement of previously existing goitres 
is particularly liable to occur during this period. 

Blair Bell (2, 1920) states that thyroid enlargements during 
pregnancy are due to storage of colloid. 

Very little is known about the effects of pregnancy on the 
thyroids of the lower animals, but Fenger, from his investiga¬ 
tions on the thyroids of cattle, finds that there is no apparent 
difference in size and physiological activity between glands from 
pregnant and non-pregnant females. 

During the present investigation glands from pregnant 
females were only available on one occasion. The glands of 
three aged pregnant females were obtained on February 10, and 
on the same date the gland of another non-pregnant aged female 
from the same district was also taken. All the glands were 
found to be in a condition of colloid goitre with thickened inter- 
vesicular tissue and abundant evidence of previous hypertrophy 
(figs. 4 and 5, PI. 24). Those of the pregnant females, however, 
were more goitrous in structure than the gland of the non¬ 
pregnant animal. In the latter the cells of the intervesicnlar 
tissue were still distinguishable, whereas in the glands of the 
pregnant animals many of the cells appeared to have atrophied. 
The glands of the pregnant animals weighed 8-42 gm., 2-67 gm. , 
and 2-6 gm. respectively. They were all heavier than the gland 
of the non-pregnant female, which weighed only 2-14 gm. 

This is of course very slight evidence, but as far as it goes it 
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is in keeping with the findings of McCarrison and Blair Bell 
for h uman beings, that during pregnancy the thyroid is enlarged. 

Summary of Pacts regarding Variation in 
Sheeps’ Thyroid. 

Influence of Season. 

1. Uncastrated Males (yearlings and lambs). Theglands 
of uncastrated males, aged from 8 to 12 months, were all in the 
colloid condition from October to the middle of January. Prom 
February to early May, glands from uncastrated males aged from 
12 to 15 months were in the active condition. During May the 
glands from a few uncastrated males, aged 15-16 months, 
showed a return to the colloid condition. Prom the beginning 
of May to August the glands from male lambs, aged 8-7 months, 
were all in the colloid condition. Many of these showed evi¬ 
dences of previous hypertrophy. 

2. Castrated Males. (yearlings). The condition of the 
glands of castrated males was in agreement with that of uncas¬ 
trated males during the autumn and early winter months. 
During the spring months, when all the glands of uncastrated 
males were actively secreting, a few glands from castrated males 
were still in the colloid condition, although the majority were 
actively secreting. No castrated animals were obtained after 
May 13. 

8. Females (yearlings and lambs). The glands of mature 
females, aged from 8 to 11 months, were actively secreting during 
the period October to December. No glands from young females 
were obtained during the spring months. The glands of two 
females, aged 15-16 months, obtained in May, were in the 
colloid condition. Prom the beginning of May to August the 
glands from female lambs, aged from 8 to 7 months, contained 
large amounts of colloid like those of male lambs during the 
same period, but in addition many of the females were producing 
new secretion. 

The glands of both sexes were heavier during the late spring 
and summer than during the autumn and early winter. 

NO. 291 h h 
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Influence of Age. 

The glands of young mature sheep of both sexes showed a 
definite seasonal variation. The glands of immature lambs were 
only obtained during the summer months, and at this season the 
glands of both sexes contained large amounts of colloid, although 
the females were producing a certain amount of new secretion. 
In the glands of aged animals the colloid condition was the rule 
and the glands did not appear to respond to sexual or seasonal 
influences. 

Influence of Locality. 

The data were insufficient to allow of definite conclusion. 
The glands of two young males obtained from Yorkshire in 
October were exceptional in that they were actively secreting, 
whereas those of the Welsh males were in the colloid condition. 

During the summer no difference was found between the 
condition of Irish spring lambs and Welsh spring lambs. 

Influence of Sex. 

The facts regarding the histological condition of the glands 
of normal males and females are summarized under 4 Influence 
of Season 

The glands of young mature males were always considerably 
heavier than those of young mature females. 

Castration. 

The facts regarding the influence of castration on the histologi¬ 
cal condition of the gland are also summarized under 4 Influence 
of Season ’. 

During the autumn months the glands of castrated males 
were lighter than those of uncastrated males or females. During 
the spring months the glands of castrated males were much 
lighter than those of uncastrated males. Females were not 
weighed during this period. 

Pregnancy. 

Very few data were available. The glands of three pregnant 
females were heavier than that of one normal female obtained 
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on the same date and from the same district. All four animals 
were aged. The intervesicular tissue was more goitrous in the 
pregnant than in the non-pregnant animals. 
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EXPLANATION OP PLATES 24 AND 25. 

Plate 24. 

Fig. 1.—Part of transverse section of thyroid of 9-month-old uncastrated 
male sheep obtained from Ruthin on October 21. Gland in colloid condition 
with flat epithelium and thickened intervesicular tissue. 

Fig. 2.—Part of T.S. of thyroid of 9-10-month-old female sheep obtained 
from Trefnant on November 5, showing gland in actively secreting condition 
with columnar epithelium. 

Fig. 3.—Part of T.S. of gland from castrated male sheep (11 months old), 

H h 2 
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obtained from Abergele on December 9, showing colloid condition with low 
cuboidal epithelium. 

Pig. 4.—Part of T.S. of gland from aged, non-pregnant female obtained 
from Wrexham on February 10, showing gland in colloid condition. 

Fig. 5.—Part of T.S. of gland from aged pregnant female obtained on 
same date and from same district as female (fig. 4), showing colloid condi¬ 
tion of gland with evidence of previous hypertrophy. Intervesicular tissue 
more opaque than in fig. 4. 

Fig. 6.—Part of T.S. of gland from yearling uncastrated male obtained 
from Oorwen on April 22, showing actively secreting condition. Epithelium 
mainly columnar. 

Plate 25. 

Fig- 7 -—Part of transverse section of gland from castrated yearling 
obtained from Denbigh on April 29, showing actively secreting condition 
with columnar epithelium. 

Fig. 8.—Part of T.S. of gland from 3-year-old castrated sheep obtained 
from Denbigh on April 29, showing gland in colloid condition with thickened 
intervesicular tissue. 

Fig. 9.—Part of T.S. of gland from castrated yearling obtained from 
Denbigh on May 13, showing very actively secreting condition accompanied 
by hypertrophy. 

Fig. 10. Part of T.S. of gland from uncastrated male yearling of same 
age as castrated male (fig. 9) obtained on same date and from same district. 
Gland in similar condition to fig. 9, but with less colloid. 

Fig. 11.—Part of T.S. of gland from female yearling obtained on May 27 
from Trefhant, showing colloid condition with evidence of previous hyper¬ 
trophy. 

Fig. 12. Part of T.S. of gland from uncastrated male yearling obtained 
on same date and from same district as female (fig. 11), showing colloid 
condition. 










The Green Bodies of the Intestinal Wall of 
certain Chaetopteridae. 

By 

C. Berkeley. 


With Plate 26. 


Intboduction. 

CLAPABiiDE (1) seems to have been, the first to attribute the 
colour of the intestinal wall of Chaetopterus variopeda- 
tus Renier to the presence of small spherical green granules in 
the epithelial cells of the tissue. The distribution of the granules 
in the cells was subsequently described by Laffuie (2) and by 
Lankester (3). These three authors considered that they con¬ 
sisted of a pigmented cell secretion concerned in one way or 
another with digestion. 

Brandes (4), on the other hand, expressed the view that the 
granules were not to be looked upon as a metabolic product of 
the worm, hut were organisms of an algal nature analogous to 
those which had previously been described living symbiotically 
or parasitically in various animals by Brandt (5) and others. 
He based this view on the general appearance of the granules 
as figured by Lankester and on the similarity between the 
absorption spectrum of the green pigment ohaetopterin extracted 
from them and that of chlorophyll. Bnders (6), commenting on 
this difference of view, suggests that, if Brandes is correct, it 
should be possible to cultivate the green organism outside the 
worm as Famintzin (7) and Beijerinck (8) did in the case of 
Zoochlorella from Hydra viridis. 

Since that time many instances of algal and animal associa¬ 
tions have been recorded, but no conclusive evidence appears 
to have been brought forward in the case of Chaetopterus. 
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The common occurrence of three species of Chaetopteridae, 
each representing a different genus of the family, in the im¬ 
mediate vicinity of the Biological Station, Nanaimo, B.O., in 
each of which the intestinal tract is visible through the body- 
wall of the abdominal region as a well-defined deep green tract, 
suggested that some information on the nature of the pigmented 
bodies in the epithelial cells might be obtained by a comparative 
study. 

The three species are : (1) Mesochaetopterus taylori 
Potts; (2) Phyllochaetopterus prolifica Potts; and 
(3) Leptochaetopterus pottsi Berkeley. They have all 
been recorded, and the first two described, by Potts ( 9 ) ; the 
third, only briefly mentioned by him and attributed to the genus 
Telepsavus, was described more fully by my wife ( 10 ). 
Mesochaetopterus and Leptochaetopterus inhabit 
tubes which run a considerable distance into the sand-banks in 
which they are found, the former frequently two feet or more in 
an almost vertical direction and then as far in a more horizontal 
one, the latter about half these distances. In neither case does 
the posterior end of the tube emerge to the surface as in that of 
Chaetopterus variopedatus. The animals are usually at 
least half the length of their tubes, and the abdominal region 
makes up by far the greatest part of their length. Phyllochae¬ 
topterus is found in tubes occurring in matted masses on 
gravelly bottoms at a depth of 15 to 20 fathoms, and is obtained 
easily in the dredge. Potts points out that it has the interesting 
faculty of increasing asexually, posterior portions of individuals 
splitting off and regenerating the anterior regions. Hie did not 
observe the sexual forms, but these are occasionally found. 

Preli m inary examination showed that the green coloration 
of the intestinal wall was due in all three cases to spherical 
granules very similar to those described by Lankester from 
Chaetopterus variopedatus. A pigment having the pro¬ 
perties of chaetopterin could be extracted from each of them. It 
is easily soluble in strong hydrochloric acid (50 per cent. ‘ pure ’ 
HC1), in which it seems to be quite stable even on prolonged 
boiling, differing thus very essentially from chlorophyll. No 
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pliaecocyanin, or other water-soluble pigment, could be extracted 
from the green tissue. 

The tissue from each of the three species was examined by 
means of sections and the green bodies from teased-out material 
by hanging drops and dry films. 

Sections. 

The green colour of the intestinal wall remains permanent in 
material fixed in sublimate and bichromate (Zenker’s mixture) 
or picro-formol (Bouin). In transverse sections of the abdominal 
region of Mesochaetopterus or Leptochaetopterus 
thus fixed the intestinal wall is seen at low magnification to con¬ 
sist of a heavily pigmented, much convoluted, tissue. The intes¬ 
tine occupies a larger part of the abdominal cavity than in 
Chaetopterus variopedatus, and the lumen is much 
smaller in relation to the thickness of the wall (fig. 1, PL 26). 
Much the same condition exists in Phyllochaetopterus, 
but in this case the intestinal wall is relatively thinner and less 
convoluted and the lumen larger. 

At higher magnification the intestinal wall is seen to be built 
up of the usual two layers of cells, the columnar tissue being 
similar to that figured by Lankester and others for Chaeto¬ 
pterus variopedatus. In sections taken anywhere except 
near the anal end the cells of this tissue are crowded with spheri¬ 
cal green bodies varying in diameter from 1 to 8 /a (fig. 2, PI. 26). 
In Mesochaetopterus they are usually an olive shade, but 
some variation occurs in the depth of colour. In Leptochae¬ 
topterus it is commonly lighter and more blue-green. In both 
these species the green bodies are as a rule quite homogeneous and 
no structure can be brought out by staining. Quite rarely a few 
individuals have been seen in the sections showing a granular 
structure. A circular area rather more refractive than its sur¬ 
roundings, seen in some of the smaller and more lightly coloured 
green bodies, was at first taken for a nucleus, but it could not be 
differently stained. I shall refer to this later. InPhyllochae- 
topterus there is more variation in the colour of the green 
bodies than in either of the other species, some of them approxi- 
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mating to a blue colour, and a considerable number of them show 
distinct granular structure (fig. 3, PI. 26). The granules are 
accentuated in sections stained with both nuclear and cyto¬ 
plasmic stains. In addition to the more or less uniformly dis¬ 
tributed granules a roughly circular area staining selectively 
with haematoxylin occurs in some of the green bodies and may 
be a nucleus. 

In sections taken near the anal end of the annelids a different 
condition is found. Here the green bodies are uniformly smaller 
than in the more anterior region of the abdomen, averaging no 
more than 2 p in diameter and are not distributed throughout 
the epithelial cells. The majority are concentrated at the ends 
which border on the lumen, but a few are found scattered through 
the cells, usually lying immediately adjacent to the cell-wall 
(fig. 4, Pl. 26). The nearer the anal end the section is taken the 
fewer are the green bodies in the cells, until, finally, they are 
entirely absent from the last few segments. 

In the course of his studies of the development of Chaeto- 
pterusvariopedatus, Enders found that the green colour of 
the digestive tract could be observed in the larvae at an early 
stage, and that by the time they had attained a length of 2 mm. it 
had become quite marked, though less so than in fully trans¬ 
formed larvae. Eree-swimming chaetopterid larvae of about this 
length have been taken over the beds in which Mesochaeto- 
pterus and Leptochaetopterus occur, and probably 
belong to one or other of these species. In these larvae the colour 
of the digestive tract was quite apparent and sections showed 
that it was due to green bodies in the epithelial cells precisely 
similar to those found in the adults. The conditions of size and 
of density of distribution in the cells resembled those found in 
sections taken near the posterior end of the adult animals. 

In material fixed in acid alcoholic fixatives the pigment is 
entirely removed from the green bodies. A fixative consisting 
of 95 per cent, methyl alcohol (100 parts), water (20 parts), 
formalin (5 parts), and glacial acetic acid (5 parts) was used for 
this purpose. Pieces of abdomen ofMesochaetopterus left 
in this fixative until decolorization was complete (some 
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months) were stained in bulk in borax-carmine. Sections showed 
stained, but shrunken and deformed, residues of the formerly 
green bodies in the epithelial cells. More satisfactory results 
were obtained by fixing for a short period in the alcoholic 
fixative and completing the decolorization, in the sections, with 
alcohol containing hydrochloric acid (10 drops cone. HOI to 
100 cc. 95 per cent, alcohol). In sections so treated the green 
bodies were much less deformed. They could be stained with 
any of the ordinary cytoplasmic stains. Lankester mentions 
a ‘ colourless stroma ’ which remains after the green bodies in 
Chaetopterus variopedatus have had their pigment 
removed, and this corresponds without doubt with the de¬ 
colorized residuum in my sections. The fact that such a stain- 
able residuum remained after decolorization seemed to indicate 
that the green bodies had something of the nature of a bounding 
membrane or cell-wall, and to be opposed to the view that they 
consisted of a cell secretion. 

Sections of material fixed in osmic acid fixatives showed that 
the green bodies contain a quantity of oil. They are stained 
intensely black, whilst the remainder of the contents of the 
epithelial cells is uncoloured. 

Hanging Drops. 

The green bodies can be easily separated from the tissue 
containing them by teasing it out in water, filtering through 
fine bolting silk, and fractionating the filtrate by means of a 
centrifuge. A great deal of oil is present in this filtrate, but it 
remains in suspension on centrifuging, and after a few washings 
a residue is obtained consisting of little but the green bodies 
and bacteria. 

Examination of such material, freshly isolated from P h y 11 o - 
chaetopterus, in a hanging drop showed immediately that 
the green bodies were discrete organisms. A large number of 
them were seen to be in active independent movement, and 
flagella could usually be detected on the motile individuals. A 
trace of basic fuchsin added to the drop brought these out quite 
clearly. Two flagella occur on each individual, and they are of 
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approximately equal length, at least twice as long as the dia¬ 
meter of the organism bearing them (fig. 5, PI. 26). They are 
carried on a min ute protuberance which appears as a bright spot 
when the organism is swimming in such a position that it is seen 
through the green body. This is without doubt the refractive 
area previously referred to as having been seen in sections of 
Mesochaetopterus and Leptochaetopterus, and 
taken for a nucleus. Both homogeneous and granular individuals, 
of all sizes except the largest, showed motility. 

The organisms in a fresh suspension prepared from the anterior 
part of the intestine of Mesochaetopterus or Leptochae¬ 
topterus showed no motility, but after standing in a cool 
room for twenty-four hours, many motile individuals were 
present and flagella could be detected. After forty hours the 
majority of the green cells were in active movement. In the 
case of Leptochaetopterus some granular cells, similar to 
thoseseenin Phyllochaetopterus, were present, and these 
showed motility as freely as the homogeneous forms. In the 
material from both Mesochaetopterus and Leptochae¬ 
topterus almost colourless cells of the same size and shape as 
the green bodies occurred and were in many cases motile and 
flagellated. The flagella are the same length, relative to the 
individual organism bearing them, as in Phyllochaeto¬ 
pterus, and are similarly carried. The organisms from the 
three species of annelid cannot in fact be differentiated except 
to some extent by colour and by the greater frequency of 
granular forms in the case of Phyllochaetopterus. 

If the green bodies are isolated from segments near the anal 
end of Mesochaetopterus or Phyllochaetopterus, 
actively motile individuals are found amongst them immediately. 
They are of smaller size in this case, averaging about 2 [m in 
diameter, and no structure can be made out. A tendency to 
greater frequency of motility, when freshly extracted, amongst 
the green bodies taken from near the tail than amongst those 
taken further anteriorly was subsequently found to exist in 
Phyllochaetopterus also, particularly in the longer sexual 
individuals which are found occasionally. In the usual asexual 
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forms the abdominal region is short, and since they are constantly 
being budded off the anal end of the parent stock, the anterior 
abdominal segments are of recent growth compared with the 
corresponding segments in Mesochaetopterus andLepto- 
chaetopterus. This greater approximation in age of anterior 
and posterior segments in asexual Phyllochaetopterus is 
accompanied by a corresponding decrease in the difference 
between the two regions in respect of the frequency of occurrence 
of motile individuals. 

Dividing cells were seen in all the hanging drops examined. 
The two cells resulting from division separate and become 
spherical before division takes place again, so that no chains or 
definite colonial groupings are formed. Both homogeneous and 
granular individuals of all sizes, except the smallest, are found 
dividing, and occasionally a pair is seen made up of one of each 
kind (fig. 6, PI. 26). No contractile vacuole, nucleus, or pyrenoid 
could be made out in the living organisms, nor, their colour being 
uniformly distributed, any definite chromatophore. 

Films. 

Attempts were made to obtain further information on the 
structure of the green cells by making films from the suspensions 
obtained, as described in the preceding section, from each of the 
three species and submitting them to the action of reagents. 
Drops of the material were allowed to dry on slides smeared 
with glycerine-egg albumen and fixed for varying periods in the 
alcoholic fixative previously mentioned. The organisms were 
thereby more or less decolorized. Very little deformation of 
the cells seemed to result from this treatment. 

Ohlor-zinc-iodine failed to indicate the presence of a cellulose 
cell-wall. The chaetopterin was quickly dissolved out of the 
cells, if they were not already completely decolorized, and the 
cells soon disintegrated. No blue or violet reaction could be 
detected in any completely decolorized cells. 

Iodine, either in alcoholic or sodium iodide solution, gave no 
starch reaction. In the case of Phyllochaetopterus and 
Leptochaetopterus inclusions staining a reddish brown 
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were seen in a few cells which may indicate the occasional 
presence of glycogen as a storage product. 

The decolorized cells could be recoloured with cytoplasmic 
stains. The structure in the granular individuals could best be 
brought out by staining with methylene blue, haematoxylin 
(Ehrlich’s) or iodine. In some of the larger cells fine strands 
could be seen connecting the granules recalling the condition 
found in some of the unicellular Cyanophyceae (fig. 7, PI. 26). 

Several individuals differing in appearance from the usual type 
were found in films prepared from Phyllochaetopterus 
(fig. 8 a and h, PI. 26). In those shown at (a) the pigmented cell 
contents have concentrated into centres in a more or less 
regular manner. In those shown at ( b ) the formation of repro¬ 
ductive bodies seems to be involved. The cells contain smaller 
discrete bodies, but it has not been possible to count their 
number. Their expulsion from the parent cell has not been 
observed, but empty cells of large individuals are found in the 
films alongside a number of very small ones suggesting very 
strongly that the former has given rise to the latter. 

Neither granular cells nor this apparent spore formation has 
been seen in normal Mesochaetopterus, but when a portion 
of the abdomen of an individual of this species was kept in 
water in a closed vessel for some weeks, until the tissue had 
entirely decomposed, the green organisms not only remained 
intact, but were found, on examination in hanging drops and 
films, to be in an active state of division, and both granular 
forms and individuals showing suspected spore formation were 
present. 

In cells obtained from Phyllochaetopterus and Lep- 
tochaetopterus a more or less central, roughly circular 
body, staining well by prolonged treatment with Ehrlich’s 
haematoxylin (diluted 1:5), is frequently present, which possibly 
may be a nucleus. 

Sudan III applied directly to films made from each of the 
three species confirmed the evidence obtained from the sections 
of material fixed with osmic acid fixatives that the green cells 
contain a considerable quantity of oil. As a rule the oily material 
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is extruded from the cells on drying and is shown in the films 
stained with Sudan III as a red field surrounding each group 
of green cells. 

Dividing cells, as described in the previous section, were 
found in all the films. 


Discussion. 

The colour of the intestinal wall of the three species of 
Chaetopteridae dealt with in this paper is, then, due to an 
infection of a green unicellular organism. Considering the very 
similar character of the green bodies in Chaetopterus 
variopedatus and of the pigment extracted from them, the 
explanation is almost certainly the same in this case also. Infec¬ 
tion has never been found absent in either of the three cases in¬ 
vestigated, and it takes place at a very early stage of the develop¬ 
ment of the annelids. This is not remarkable since the infective 
organism is always present in the contents of the gut and in the 
faecal masses, and the sexual products are carried out of the 
tubes by the same current of water as carries away the excreta. 
In a large majority of the cases in which the eggs of Meso- 
chaetopterus have been examined they have been found to 
carry the green infective organism externally. 

The organism remains normally in the palmella stage and 
increases only by fission; it is found always in this condition 
in the older intestinal tissue. The flagellated form is found only 
in the recently generated segments and is clearly the agency by 
which the infection is carried into new areas. It can be assumed 
by individuals of various sizes under conditions favourable to 
swarming, as'for instance in a suspension of the material teased 
out of the older tissue after standing some time, but, judging 
by the size of the organisms found in the larvae and in the 
recently budded segments, infection is normally brought about 
by the smaller individuals. 

There is no evidence on which a final opinion can be based 
as to whether the green organism is to be regarded as parasite 
or symbiont, and it is unlikely that the point can be decided 
with certainty unless the annelids can be bred under controlled 
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conditions, which hitherto has proved impossible. The epithelial 
cells of the gut are no doubt concerned in the disposal of organic 
waste material resulting from the digestive processes of the 
annelid. Probably, therefore, they afford an ideal environment 
for the development of the green organism, but there is no 
evidence that the annelid benefits in any way by the association. 
In the cases of Convoluta roscojlfensis and Convoluta 
paradoxa, Keeble (11) has shown that, in addition to supply¬ 
ing carbohydrate and fat resulting from photosynthesis, the 
algae associated with these animals serve in lieu of excretory 
apparatus by absorbing their nitrogenous waste materials and 
are thus indispensable to their hosts. Photosynthesis is pre¬ 
cluded in the case of the chaetopterids owing to the conditions of 
total darkness in which the green organisms live, but it seems not 
unlikely that they play a similar part to the algae in Convo¬ 
luta by assisting in the disposal of the animals’ waste products, 
and since they are always rich in oil, it is probable that the large 
quantity of that substance found in the intestinal cells results 
from their synthetic activity and serves a useful purpose in the 
annelid’s metabolic processes. In this case the association must 
be regarded as symbiotic. 

On the assumption that the green organism absorbs the waste 
products of the worm, attempts have been made to grow it in 
liquid and on solid media containing uric acid and allied sub¬ 
stances as nitrogenous nutrients, but although a large number 
of media have been tried under a variety of conditions, no 
success has yet been attained. 

So far as can be judged without having the organisms isolated 
in pure culture they are very similar in all the three chaetopterids 
examined, though the slight morphological differences which 
have been mentioned may indicate varietal adaptions to each 
species. Without such cultures it may not be possible finally to 
determine the systematic position of the organism. It is evident 
that it is not an alga, as suggested by Brandes, if that term is 
used in its restricted sense to mean a definitely vegetable organ¬ 
ism adapted to photosynthesis, as in the cases of Zoochlo- 
rella in its various associations, the Chlamydomonas 
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described by Keeble, and other similar instances, since it has 
neither cellulose, cell-wall, chromatophore,nor pyrenoid.and ap¬ 
pears to contain no algal pigment. It comes within the term if it 
is defined in its widest sense to comprise all the coloured Flagel- 
lata. According to Pascher’s (12) classification of the pigmented 
flagellates, it must be included in the Chrysomonadae, though it 
fails in some respects to be a typical member of the group. Its 
characteristic of living normally in the palmella stage would 
then place it amongst the Chrysocapsinae, and it would come 
most nearly within the genus Chrysocapsa. The name 
Chrysocapsa chaetopteri is therefore tentatively sug¬ 
gested for the species. 

I wish to record my thanks to the Biological Board of Canada, 
and to Dr. Clemens, Director of the Pacific Biological Station, 
for the facilities placed at my disposal which have enabled me 
to carry out this investigation. 

Summary. 

1. The green bodies in the intestinal epithelial cells of three 
species of Chaetopteridae, each representing a different genus, 
have been examined. 

2. They are very similar in the three cases and resemble those 
of Chaetopterus variopedatus. 

3. They are frequently motile and flagellated when separated 
from the intestinal tissue. 

4. They represent an infection of an orgarfism which spreads 
in a flagellated condition. 

5. The organism is a flagellate probably belonging to the 
family Chrysocapsinae. 

6. The name Chrysocapsa chaetopteri is proposed 
for it. 
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EXPLANATION OF PLATE 26. 

Eig. 1.—Transverse section of median region of intestine of Meso- 
chaetopterus taylori. 

Eig. 2.—A few cells of above highly magnified. 

Eig. 3.—A few cells from a transverse section of the median region of the 
intestine of Phyllochaetopterus prolifica. 

Pig. 4.—Cells from transverse section of intestine taken near the anal 
end of Mesochaetopterus taylori. 

Eig. 5.-—Motile green organisms from Phyllochaetopterus pro¬ 
lifica. 

Eig. 6.— Stages in fission of green organisms from Phyllochaeto¬ 
pterus prolifica. 

Kg. 7.—Granular green organisms from Phyllochaetopterus 
prolifica. 

Eig. 8.— Specialized green organisms from Phyllochaetopterus 
prolifica. 
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Introduction. 

In the first paper (1929) of this series on the egg-follicle of 
Culex f atigans I have shown that the Golgi elements in the 
oocytes, in the nurse-cells, and in the follicular epithelial cells 
are in the form of vesicles, each vesicle showing an osmiophilie 
or argentophilic rim and an osmiophobic or argentophobic 
central area. The contents of the Golgi vesicles of the nurse- 
cells and of the follicular epithelial cells remain non-fatty 
throughout the growth period of the egg-follicle ; while those of 
the majority of the oocyte vesicles become fatty, although they 
do not swell up. If a fresh egg is ruptured and its contents 
studied under the microscope the Golgi vesicles are seen per¬ 
forming a very interesting dancing movement while the proteid 
yolk bodies are stationary. The presence of fat inside the interior 
of the Golgi vesicles raises their refractive index and enables 
^one to study them in fresh eggs with the utmost ease. Vesicular 
Golgi elements have also been demonstrated by the writer 
(1928) in the eggs of a spider, by Nath and Husain (1928) in 
the eggs of a Scolopendrid, by Nath and Mehta (1929) in the 
eggs of Luciola, and by Nath and Piare Mohan (1929) in 
the eggs of the cockroach. It is important to note that in all the 
above cases the Golgi elements were traced from the youngest 
to the most highly advanced oocytes, and in some eases 
(Culex and Luciola) vesicular Golgi elements were observed 
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even in the undifferentiated primordial germ-cells. In the case 
of the cockroach such elements were found even in the terminal 
thread of the ovary. The above conclusions were based not only 
on the study of fixed preparations, which by themselves are 
entirely worthless at least for the study of the morphology of 
the Golgi apparatus, but also on the study of fresh cover-slip 
preparations treated with vital dyes or with 2 per cent, osmic 
acid for a very short time. 

The Golgi element in the eggs then is a vesicle consisting 
of two fundamentally different substances, namely, the osmio- 
philic peripheral rim and the central clear osmiophobic sub¬ 
stance. The writer has always been puzzled by the 4 crescents ’ 
or the 4 dictyosomes forms under which the Golgi elements 
have been constantly described in the male germ-cells by such 
competent writers as Gatenby and Bowen. But a complete 
and final solution of this puzzle has unexpectedly come in the 
form of an excellent publication on the Golgi apparatus and 
vacuolar system of Cavia, Helix, and Abraxas by 
Gatenby (1929). This writer has shown that even in the male 
germ-cells there is a number of neutral red-staining vacuoles 
lying near, but not attached to, the Golgi dictyosomes. In some 
cases (e.g. Helix) the vacuoles are in the archoplasmic area 
at the periphery of which the Golgi dictyosomes lie, while in 
others (e.g. Cavia, Saccocirrus, and Abraxas) they are 
extra-arehoplasmic. These vacuoles are distinct from the Golgi 
dictyosomes not only in the 4 resting 9 cells but also during the 
meiotic division when they are sorted out roughly into two 
equal parts. It is very important to note that, according to 
Gatenby, these vacuoles are not consistently argentophilic, 
whereas the dictyosomes are. Gatenby also gives a useful 
review of the recent work of Hirschler, Monne, and Voinov on 
the male germ-cells of lizard and grasshopper, Cerithium 
and Helix, and Notonecta respectively. These authors, 
as quoted by Gatenby, have also shown a vacuolar system lying 
near, but distinct from, the Golgi dictyosomes. 

Parat’s views on the homologies of the cell-constituents of 
the Helix spermatid, which are well known, are diametrically 
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opposite to those of Gatenby, Hirsehler, &e. Parat considers 
the archoplasmic vacuoles as the Golgi apparatus and the 
cortical dietyosomes as the modified mitochondria or the 
4 lepidosomes \ The evidence brought forward by Gatenby and 
others, however, seems to be overwhelming, and one cannot 
have any hesitation in accepting their views. 

The paper of Gatenby cited above lends strong support to 
my views on the shape and function of the Golgi elements in 
oogenesis. I have consistently described the Golgi elements in 
eggs as vacuoles or vesicles, each vesicle having an osmiophilic 
or argentophilie rim. According to Gatenby, there exists in the 
animal cell a vacuole or a system of vacuoles primitively 
associated with, and probably produced by, the argentophil 
cortex of the Golgi apparatus. Further, in the eggs the vacuole 
is ‘ closely related to the chromophil substance of the Golgi 
apparatus \ ‘ The work of Miss A. G. Hill in this laboratory 
has convinced the writer that in such examples of oogenesis 
as that of Daphnia, ’the Golgi element is a cortex on the 
vacuole, and the division of the element brings about a division 
of the associated vacuole/ In showing that the mysterious 
1 idiosome ’ or the ‘ sphere substance ’ which in many eases 
appears as the chromophobe part of the Golgi element is nothing 
but a collapsed vacuole, Gatenby has made a first-class con¬ 
tribution to cytology. 

It appears, therefore, that the essential part of a Golgi 
element is the peculiarly osmiophilic or argentophilie material 
which in the somatic cells occurs in the form of granules, rods, 
or a reticulum, while in the plant-cells it is found, as claimed by 
Bowen (1928) and by Patten and collaborators (1928), in the 
form of platelets which impregnate with osmic acid like the 
typical Golgi apparatus. Bowen has insisted that the plant 
vacuole is not osmiophilic, that is to say, it is a mere vacuole 
without the osmiophilic rim; and since Gatenby, Hirsehler, 
&c., have shown a vacuolar system distinct from the true Golgi 
apparatus in the male germ-cells, one is driven to the conclusion 
that the theory of Guilliermond and Parat homologizingthe plant 
vacuole with the Golgi apparatus cannot be any longer upheld. 
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If the plant vacuoles and the vacuoles of the male germ-cells 
are mere vacuoles and not the Golgi apparatus, it perhaps 
becomes doubtful if the neutral red-staining vacuoles which 
Parat and his collaborators have been describing in eggs are 
surrounded by a truly osmiophilic Golgi material. At any rate 
Nath and collaborators find that in the eggs of the spider 
(Nath, 1928), Culex (Nath, 1929), Pheretima, medicinal 
leech (Nath, unpublished), Scolopendrid (Nath and Husain, 
1928), Luciola (Nath and Mehta, 1929), and the cockroach 
(Nath and Piare Mohan, 1929), the Golgi vesicles are not stain- 
able, at least brilliantly as claimed by Parat, with neutral red 
even in the early stages of oogenesis when in some of the above 
cases (spider, Scolopendrid, Gulex, and the cockroach) their 
contents are non-fatty. 

Previous Work on the Earthworm Ovary. 

It is essential to discuss the remarkable papers of Foot 
(1894, 1896, and 1898), and of Foot and Strobell (1898, 1900, 
and 1901), on the cocoons and eggs of Allolobophora 
faetida. I consider this work of a very high order because 
it is based on an extensive study of fresh cover-slip preparations, 
and the authors have taken pains to publish a large number of 
excellent photographs. In those days very little was known 
about the mitochondria, and the Golgi apparatus was entirely 
unknown by zoologists. In spite of this the authors have given 
a very faithful account of oogenesis in this earthworm. 

These authors (1901) described two types of granules in the 
egg of Allolobophora, namely, 4 deutoplasmic 5 or 4 osmio- 
phile ’ granules and smaller 4 archoplasmic ’ granules which 
arise from the disintegration of the 4 yolk-nucleus * (Calkins, 
1895). The osmiophile granules are present long before the 
disintegration of the yolk-nucleus, and they can be demon¬ 
strated during every stage of development of the egg. They are 
found in nearly all the cells of the ovary, from the small cells 
near the proximal end, which show the first indication of a yolk- 
nucleus, to the large oocytes at the distal end (Foot and Strobell, 
1901, p. 518). These granules can be demonstrated during all 
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stages of the growth of the egg, the maturation, fertilization, 
and cleavage (p. 519). The yolk-nucleus granules fail to blacken 
with osmic acid, even after many hours’ immersion in a 1 per cent, 
solution, whereas an immersion of fifteen or even five minutes 
is sufficient to blacken the osmiophile granules. The yolk-nucleus 
invariably stains intensely with haematoxylin, while the osmio¬ 
phile granules very rarely react to this stain (p. 524). The 
osmiophile granules also show conspicuously in the living egg, 
and agree both in size and position with those seen in 
fixed material. They appear in the substance between the cells 
and in the small cells (oogonia?) near the proximal end of the 
ovary (p. 531). In the oogonia and in the oocytes of all stages 
the yolk-nucleus is morphologically an accumulation of granules. 
When the granules are scattered through the cytoplasm they 
are very difficult to demonstrate, but when they are aggregated 
into more or less definite masses they can be readily diffe¬ 
rentiated (p. 522). 

It is convenient to anticipate at this stage that the ‘ osmio¬ 
phile ' granules and the 4 archoplasmic ’ or 1 yolk-nucleus ’ 
granules are the Golgi elements and the mitochondria re¬ 
spectively. 

Harvey (1925), working on the egg of Lumbricus terres- 
tris, however, arrived at the following conclusions: 

1. The yolk-nucleus is merely a mass of mitochondria. 

2. The mitochondria arise as a cap of threads over the 

nucleus. 

3. The mitochondria are not clearly defined in the very young 

oogonia. 

4. The Golgi apparatus consists of numbers of Golgi elements 

lying separate in the cytoplasm. There is never any 
attempt at concentration of these elements round one 
central mass. 

5. The Golgi elements are probably little platelets or spheroids 

somewhat resembling blood-corpuscles in shape. They 
are not rods. As fixed by Da Fano technique, each 
element is a little plate with a very lightly impregnating 
centre and a very heavily impregnating rim. 
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6. The Golgi elements may probably arise from the cytoplasm. 

7. Yolk is present, and probably arises from the cytoplasm. 

8. No direct metamorphosis of either mitochondria, Golgi 

apparatus, or nucleolus into yolk was observed. 

Unfortunately these conclusions were based entirely on the 
study of fixed preparations because 4 the fact that the egg of 
Lumbricus is full of highly refractive granules and globules 
of yolk, fat, &c., which obscure any signs of the fine thread¬ 
like mitochondria, makes the study of the inclusions in the 
living cell impossible 

Later, Gatenby and the writer (1926) published a paper on the 
same subject, but they disagreed with all the statements of 
Harvey except those contained in paragraphs 1 and 8. Their 
results were based not only on the study of fixed preparations, 
but, which is very important, on the study of fresh cover-slip 
preparations made by Gatenby alone, as the writer was compelled 
to leave Dublin for his home in June 1925. On his return to 
India he took the earliest opportunity of making much more 
extensive intra vitam and other observations on the egg 
of the common Indian earthworm. Indeed he has been demon¬ 
strating the mitochondria and the Golgi elements to his Honours 
School classes with the utmost ease, not only in the eggs of the 
earthworm but also in those of the medicinal leech. The cyto¬ 
plasm of both these eggs is not encumbered with yolk, the only in¬ 
clusions present being the Golgi elements and the mitochondria. 
For this and other reasons to be mentioned subsequently these 
two types of inclusions stand out prominently, making these 
objects truly classical for observations on living material. 

The conclusions arrived at by the writer with regard to the 
oogenesis of Pheretima were substantially similar to those 
arrived at by him and Gatenby in the case of Lumbricus. 
In spite of the fact that he discovered important additional 
facts in support of the previous conclusions on Lumbricus 
(1926) and also in support of his views, which he holds very 
strongly, on the shape and function of the Golgi elements in 
eggs in general, he preferred not to go to press, hoping that the 
differences would automatically disappear when it would be 
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possible for Harvey to observe living eggs. That hope, however, 
has been only partially fulfilled as the following quotation will 
show (Harvey, 1929): 4 The author would like to acknowledge 
here the correctness of Professor J. Bronte Gatenby’s statement 
that the egg ofLumbricus can be easily studied in the living 
condition. He can only attribute his former failure with it to 
lack of experience in this particular field. Further observation 
has demonstrated to him that the Golgi bodies can be easily 
seen in these eggs, living and unstained. With Gatenby’s 
further statements about this egg, however, he still remains in 
disagreement, and is strengthened in his own opinions by the 
re-examination of numerous samples. The author holds that 
the mitochondria are thread-like, not granular, that there is 
a certain amount of material, yolk for want of a better word, 
in the eggs, and he is not convinced that only one Golgi body is 
present in the oogonia and youngest oocytes.’ 

The above lines appear as a footnote in a paper on the 
oogenesis of the crab. The writer would have greatly welcomed 
a statement from Harvey with regard to the shape of the Golgi 
elements in the eggs of the earthworm which he now claims to 
have studied in the living condition, because the morphology of 
the Golgi element is of fundamental importance, particularly 
in eggs, and is inextricably bound up with their function. 

Observations. 

Fresh preparations. 

It has already been mentioned that the earthworm ovary 
may be considered a very favourable object for the study of 
the mitochondria and the Golgi elements in the living condition 
without the help of any vital dyes. This is true, strange as it 
would appear, especially in the case of the Golgi elements which 
stand out much more prominently than the mitochondria in 
the freshly extirpated ovary. If the ovary is mounted flat on 
the slide in a drop of normal saline so that the oocytes are not 
allowed to cover each other, one can see the oocytes arranged 
in filaments radiating from the septal insertion of the ovary. 
The oogonia are proximal, that is to say, they lie near the septal 
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insertion and the oocytes lie more distally, the most highly 
developed oocyte lying at the free end of the filament. On 
account of this peculiarly favourable arrangement the study of 
different stages in one specimen only is greatly facilitated. 

In text-fig. 1 is shown a group of four oogonia in which there 
is not a trace of any granules which can be assigned to the 
category of mitochondria, the cytoplasm having a hyaline glass¬ 
like appearance. The Golgi elements, however, stand out very 

Text-itgs. 1 and 2. 




Explanation of Lettering. 

G.V.=Golgi vesicles. M.=Mitochondria. N.=Nucleolus. 

Farther explanation of figures will be found in the text, x 560. 

prominently as highly refractile spherules of a dark-greyish 
colour. In one oogonium in Text-fig. 1 there is a single Golgi 
element, while in others there are four or five such elements. 
I have frequently seen oogonia with one, two (Text-fig. 9 a), 
four, or more Golgi spherules ; but I have never observed three 
such spherules in an oogonium, strange as it may appear, 
although my studies have been spread over many years and 
numerous specimens. With the growth of the oogo nium the 
Golgi spherules spread out in the cytoplasm (Text-figs. 2, 8, 4, 
5, and 6) till in an advanced oocyte (Text-fig. 6 a) they are 
distributed more or less uniformly throughout the egg. In the 
oocytes the Golgi elements perform a dancing movement which 
is very interesting to watch. 
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The mitochondria appear for the first time either as a thick 
mass (Text-figs. 4 and 9 b) or as a horseshoe-shaped structure 
closely fitting the nuclear membrane (Text-figs. 8,9 cand d). Very 
soon the mitochondrial cap breaks away from the nuclear mem¬ 



brane and is quickly resolved into aggregations of mitochondrial 
granules (Text-fig. 5). The mitochondrial aggregations now be¬ 
come loosened (Text-fig. 6) till in advanced oocytes the granules 
are distributed more or less uniformly throughout the cytoplasm 
(Text-fig. 6 a). The mitochondria, even in the earliest cap, are in 
the form of very small, whitish granules with a refractive index 
much lower than that of the Golgi elements. They perform a 
very rapid dancing movement closely simulating the similar 
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movement of bacteria. The very much smaller size of the mito¬ 
chondrial granules, their lower refractive index, their peculiar 
distributioninthe egg, and their whitish appearance as compared 
with the dark-greyish colour of the Golgi spherules, are factors 




GOLGI ELEMENTS IN PHERETIMA 487 

which preclude any possibility of confusion between these two 
kinds of cytoplasmic inclusions. 

The nuclear contents consist of faint and fine fibres with 
a prominent semi-solid and retractile nucleolus. Near the 
septal insertion of the ovary some oogonial nuclei can be seen 



in the prophase with much thicker and more conspicuous fibres 
inside them. 

When some time has elapsed the egg begins to disintegrate 


• . 



Text-itg. 8. x 560. 

under the eye of the observer, and it breaks down into fragments 
which seem to be surrounded by a thin limiting membrane. 
In Text-fig. 7 such a fragment has been shown. Most of the 
Golgi elements are crowded in one corner and are perfectly 
stationary, but the mitochondrial granules which occupy the 
major portion of the fragment, with a few Golgi elements lying 
amongst them, perform a very rapid dancing movement which 
contrasts prominently with the stillness of the crowded Golgi 
elements in the corner. 

In other cases at the time of the death of the egg the egg- 
membrane ruptures at one or several places and its contents 
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flow out in the form of a rapid stream containing the mito¬ 
chondrial granules and the Golgi elements (Text-fig. 8). They 
remain unaltered for a long time after the death of the egg, 
showing that they have a firm consistency and are not so 
susceptible to injury as is generally supposed. The Golgi 
vesicles of the Culex egg also remain unaltered for a long 
time after the death of the egg. 



Vital dyes, namely, neutral red and janus green B, have been 
extensively used in the form of very thin watery solutions, but 
they do not in any way improve the appearance of the egg, if 
indeed an improvement were desired. The Golgi spherules do 
not stain at all with either of these dyes, but the mitochondria 
do take up very slightly a blue colour with janus green B. 

Ovaries treated with 2 per cent, osmic acid for 
a short time. 

Elsewhere (1928) the writer has laid stress on the value of 
treating the eggs for a short time only with 2 per cent, osmic 
acid for determining the shape and the nature of the chemical 
contents of the Golgi elements. It is true that the cell is killed 
by a short exposure to osmic acid, but the appearance of such 
a cell is almost like that of the living. This is borne out by the 
clear-cut experiments of Strangeways and Canti (1927), who have 
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shown that the cell after a short period of fixation with 2 per 
cent, osmic acid is almost like the living cell in vitro with 
regard to all the inclusions. 

The first change to be noted in the appearance of the Golgi 
apparatus after a short period of five to ten minutes' immersion 
in osmic acid is that they look copper-coloured, but they still 
appear solid as they do in the living egg. After half an hour’s 



treatment with osmic acid, however, a very important change 
comes over the appearance of the Golgi elements, a change that 
gives a definite clue to their morphology. Bach element now 
shows a dark rim and a lighter central area (Text-fig. 9). From 
this one has to conclude that the Golgi element is not a solid or 
semi-solid body, but is really a vesicle with a definite osmiophilic 
rim and a hollow interior. 

Experiments with the centrifuge were performed to prove 
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the entire absence of albuminous 4 yolk-droplets ’ which, 
according to Harvey, are present in the egg of Lumbricus. 
The centrifuge used in these experiments was an ordinary hand 



centrifuge fitted up with a motor, giving about one thousand 
revolutions per minute. In Text-fig. 10 are shown five oocytes 



Text-fig. 12. x 280. 


centrifuged for thirty-five minutes and kept in osmic acid for 
two hours. The mitochondria and the Golgi elements are 
completely separated into two layers, the former appearing as 
small yellowish granules and the latter as vesicles, each vesicle 
showing a definite osmiophilic membrane and a clear central 
substance represented by the white background of the paper. 
In Text-fig. 11 are shown three oocytes centrifuged for half an 
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hour and kept in 2 per cent, osmie acid for ten min utes only. 
The mitochondria appear as slightly yellowish granules, but the 


Text-fig. 13. x 560. 



Golgi elements look solid and copper-coloured as their rim is not 
yet impregnated. If there were any yolk-droplets of an albu- 



Text-ftg. 14. x 560. 

minous nature as described by Harvey it is inconceivable that 
they should be missed in a centrifuged egg treated with two 
per cent, osmie acid, for they would as usual stand out pro¬ 
minently as solid, white, or slightly yellowish bodies much bigger 
in size than the tiny mitochondrial granules and distinct from 
the blackened Golgi vesicles. 
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Fixed Preparations. 

The difficulties in the way of getting first-rate preparations 
of the earthworm ovary are considerable. This material is 
remarkably refractory, and whatever the fixative used there is 
always a certain amount of shrinkage as shown by the tearing 
away of the cytoplasm from the egg membrane—a fact em¬ 
phasized by Foot and Strobell (1901). Nevertheless I have been 
able to obtain satisfactory preparations of eggs, except the most 
highly advanced which lie at the distal ends of the ovarian 



filaments. It is almost impossible to fix these latter in a satis¬ 
factory manner. Foot and Strobell, who made very extensive 
studies of the ovarian eggs of Allolobophora as well as of 
those contained in the cocoons, ascribe this refractoriness to the 
fact that a large number of eggs at the distal end of the ovary 
degenerate and are unable to develop. Luckily, however, the 
egg of the earthworm is such an ideal material for intra 
vitam observations that fixed preparations can perhaps be 
entirely dispensed with except for purposes of control. 

La the course of my experiments I have discovered a point 
of considerable importance (vide infra), namely, that the Golgi 
elements of the earthworm which are vesicular in nature contain 
a certain amount of fat inside them. This point has been over¬ 
looked both by Harvey (1925) and by Gatenby and Nath 
(1926). When the whole ovary is mounted after twenty-four 
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hours’ fixation in Champy’s fluid the Golgi vesicles appear as 
very black solid granules not only in the oocytes but also in the 
youngest oogonia (Text-fig. 12). If the same preparation is 
studied after about a month one is surprised to find that the 
Golgi elements appear as colourless or at most slightly greyish 
bodies. This is undoubtedly due to the decolorizing action of 
the xylol in the Canada balsam. When the paraffin ribbon 
containing Champy-fixed sections is studied the Golgi 
elements appear as blackened granules ; but immediately after 
exposure to xylol to remove the paraffin the elements are 
decolorized and appear as colourless or slightly greyish bodies 
(Text-fig. 18), which are liable to be missed unless the condenser 
of the microscope is considerably lowered to reduce the amount 
of light. In whole mounts, however, the xylol of the Canada 
balsam will naturally take a much longer time to decolorize 
the blackened Golgi elements. The above observations ade¬ 
quately explain the statement of Gatenby and Nath (1926) that 
4 the Golgi elements, however, are slightly osmiophile but do 
not go black \ 

* Kolatschev ’ preparations not only reveal the vesicular 
nature of the Golgi elements, but also adequately explain 
certain forms which these elements may sometimes assume. 
The optimum time for the proper impregnation of the Golgi 
elements of the earthworm egg is about four days’ incubation 
at the temperature of about 85° C. The mitochondrial granules 
are usually blackened in the regions of close aggregations, but 
they can be very successfully bleached by potassium perman¬ 
ganate followed by oxalic acid. 

When ah optimum impregnation and proper bleaching have 
been secured the Golgi elements appear vesicular, each vesicle 
showing an intensely blackened rim and a much lighter central 
area (Text-fig. 16 a). But more often than not the Golgi elements 
assume different forms, all of which must be interpreted as 
artifacts. In Text-fig. 166 and c the Golgi elements are more 
or less ellipsoid and rhomboid respectively—appearances which 
are due to the shrinkage inevitable in prolonged osmication. 
When the incubation has been carried out for about six days 

NO. 291 k k 
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most of the Golgi elements appear uniformly jet-black (Text- 
fig. 165, e, and /). Even after shorter periods of incubation 
(four days) most of the Golgi elements appear solid (Text-figs. 
14 and 15). It must be clearly understood that the 4 solid ’ 
appearance of the Golgi elements after fixation in ‘ Kolatschev * 
is due not only to the blackening of the fatty contents of the 
vesicle, but also to the heavily impregnated rim, whereas the 
same appearance of the Golgi element after twenty-four hours* 



3 h 


Text-fig. 16. 

immersion in Champy’s fluid is due solely to the reduction of 
osmie acid by the fat, the rim of the vesicle being not at all 
impregnated. It is due to this fact that the Golgi vesicles which 
are * solidified * after fixation in 4 Champy * are so quickly 
decolorized by xylol or turpentine, whereas after ‘ Kolatschev * 
these reagents fail to decolorize the Golgi elements even in 
months. 

After a light impregnation with 4 Kolatschev * the Golgi 
elements assume still different appearances. In Text-fig. 16 i 
the rim of the vesicle has completely missed impregnation and 
the blackened fatty contents have been decolorized by xylol. 
Consequently the vesicle appears as a colourless or slightly 
greyish body, reminding one of the so-called 4 yolk-droplets' 
of Harvey. In some cases, however, the rim of the vesicle is 
very lightly impregnated (Text-fig. 16 h). The form of the Golgi 
element, which I cannot definitely explain, is a heavily impreg 
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nated crescent with an osmiophobic substance attached to it 
(Text-fig. 16 g). This form results either from a partial blacken¬ 
ing of the rim, or it represents an optical section of the vesicle. 

The greatest amount of shrinkage of the egg takes place after 
4 Da Fano but the Golgi elements are heavily impregnated 
and almost invariably appear as solid blackened granules. The 
mitochondria appear as much smaller granules, golden in 
untoned preparations and colourless or slightly greyish in the 
toned ones. 

Discussion. 

The oogenesis of the earthworm is the simplest at present 
known. The only inclusions present in all stages of oogenesis 


Text-fig. 17. 

+ 

a 



a illustrates the immediate blackening of a fat-droplet in osmie acid. 
by c, d, e,/, and g illustrate the gradual growth of the Golgi vesicle and 
the deposition of fat inside its interior as demonstrated by osmic acid. 


are the mitochondrial granules and the slightly fatty Golgi 
vesicles. There is no yolk in the egg either fatty or albuminous. 
This fact is at once understood when it is remembered that the 
egg is nourished by an albuminous material present in the cocoon. 

Thirty years ago Foot and Strobell, working with a technique 
much less efficient than the technique of the present day, 
described these inclusions in a remarkably accurate manner. A 
reference to the section on the previous work on the earthworm 
ovary will at once make it clear that the 4 osmiophile ’ granules and 
the 4 archoplasmic * or the 4 yolk-nucleus * granules of Foot and 
Strobell are the Golgi vesicles and the mitochondria respectively. 

According to Harvey (1925 and 1929) the mitochondria arise 
as a cap of threads over the nucleus, and this cap grows in size 
and density, migrates away from the nuclear membrane and 

Kk2 



496 


VISHWA NATH 


breaks up into its component mitochondrial threads, which 
become evenly spread throughout the cytoplasm of the cells. 
In by far the greater number of eggs of different animals studied 
with the most modern technique the mitochondria have been 
described and figured as granules. In very few cases of oogenesis 
have filamentous mitochondria been described. For instance, 
Hibbard (1928) describes filamentous mitochondria in the egg 
of Discoglossus. Indeed, so far as I am aware, this egg 
and that of Lumbricus as described by Harvey are the only 
eggs which are stated to have mitochondria in the form of 
filaments. It is also true that in tissue culture of somatic cells 
the brothers Lewis (1914 and 1915) have described rapid changes 
in the shape of the mitochondria. The granules may become 
arranged in a linear series or the individual granules be con¬ 
verted into filaments which can give rise to complicated networks. 

In the egg of the earthworm, however, the mitochondria are 
definitely granular, both in the oogonia and the oocytes. This 
has been shown by Calkins (1895) and by Gatenby and Nath 
(1926) in the case of Lumbricus, and by Foot and Strobell 
(1901) in the case of Allolobophora. I am at a loss to 
understand the statement of Harvey (1929) that even in the 
fresh eggs the mitochondria are thread-like and not granular, 
and I am compelled to ascribe this statement to faulty technique 
or observation. Harvey’s mitochondrial 1 filaments ’ in fixed 
preparations are certainly due to the artificial alignment of 
granules. A similar artifact is produced in the egg of the red 
cotton bug. In the fresh egg and after the mitochondrial 
technique, namely, Flemming without acetic and iron haema- 
toxylin, and Champy-Kull and acid fuchsin, the mitochondria 
appear as granules, but in some * Kolatschev’ preparations they 
appear as 4 threads \ 

According to Harvey 4 a fair amount of yolk is present in 
the developing egg of Lumbricus as quite large droplets. 
Although not universally present in the oogonial and young 
oocyte stages, yet these droplets are to be’found in all the stages, 
and it is significant that they are present in the young oogonium 
before the mitochondrial cap can be detected with certainty.’ 
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1 They do not go red in Champy-Kull or Bensley-Cowdry, they 
are yellowish or brownish in most chrome-osmium preparations, 
are easily decolorized by turpentine after Mann-Kopsch, do not 
disappear after Camoy fixation, &c.’ 

Boot and Strobell, and Gatenby and Nath did not find any 
yolk-droplets in Allolobophora and Lumbricus respec¬ 
tively. I do not find them in the case of Pheretima, the 
only inclusions being the mitochondrial granules and the Golgi 
vesicles. If albuminous yolk-droplets were present, they should 
have been thrown in a separate stratum in the centrifuged eggs. 
What Harvey describes as yolk in his Mann-Kopsch prepara¬ 
tions are really some of the Golgi vesicles which have not been 
properly impregnated by osmic acid (see Observations). What 
he describes as yolk in his chrome-osmium, Champy-Kull, and 
Bensley-Cowdry preparations are again the Golgi vesicles which 
have not been properly stained. Indeed it is not easy to stain 
them after treatment with the above fixatives on account 
of their vesicular nature. It is difficult to stain the 
rim, and unless the stain is precipitated inside them, they fail 
to stain. Foot and Strobell also found that the osmiophile 
granules very rarely react to haematoxylin (vide supra). The 
fact that 4 yolk-droplets * do not disappear after Camoy fixation 
does not prove that they are true albuminous yolk. In my 
Bouin preparations of the Pheretima egg granules answering 
to the description of * yolk-droplets ’ of Harvey appear, which 
are really the distorted Golgi elements. Every experienced 
cytologist knows that the mitochondria and the Golgi elements 
are not always completely washed out by fixatives containing 
acetic acid. In many cases they remain in a very much distorted 
condition. I am reminded of the 4 metaplasm ’ or £ formations 
ergasto-plasmiques 5 of earlier workers on the spermatocytes of 
Lithobius, which are really the very much corroded Golgi 
elements as shown by Nath (1925). Lastly, it is certainly 
unusual that 4 yolk-droplets 5 should be present 
in the oogonia. 

I am also unable to support the statement of Harvey that 
4 the Golgi apparatus consists of numbers of Golgi elements lying 
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separate in the cytoplasm and that they * may probably arise 
from the cytoplasm \ I have often seen the Golgi vesicles lying 
very close to each other up to the stage when they are only 
four in number (Text-figs. 1 and 12). From this stage onward 
they start dispersing, till in advanced oocytes they are more or 
less uniformly distributed throughout the cytoplasm. It is 
impossible to be certain with regard to the origin of the Golgi 
elements, but the fact that in the very young oogonia (Text- 
figs. 1, 8, 4, and 12) they lie near each other points towards the 
conclusion that at least in the early stages new Golgi elements 
rise from the division of the pre-existing ones. 

Harvey (1929) is 4 not convinced that only one Golgi body is 
present in the oogonia and youngest oocytes \ In reply, in 
addition to inviting his attention to Text-figs. 1 and 12 of this 
paper, in which only one Golgi element is shown in the youngest 
oogonia which are found near the septal insertion of the ovary, 
I wish to refer him to the excellent photographs of Foot and 
Strobell. Plate XLII, photo 29, shows three oocytes, 4 each 
showing one or more osmiophile granules \ 

The Golgi elements in the eggs of Pheretima are in the 
form of vesicles, each vesicle having an osmiophile rim and a 
clear central substance. Gatenby (see Gatenby and Nath, 1926) 
in the fresh eggs of Lumbricus also described a Golgi 
element as a 4 somewhat irregularly spherical bead 1 or a 
4 spherule \ He described the rim of the Golgi vesicle as the 
4 dictyosome, or thickened edge of the Golgi bead ’ which 4 may 
occasionally be seen as a highly refractive peripheral area ’. In 
fixed preparations (Da Fano), however, Gatenby and Nath 
described a Golgi element as a sphere, with a thickened edge or 
dictyosome, which varies in shape from a perfect banana¬ 
shaped rod to an irregular curved plate. In an earlier section 
(see Observations) I have shown that the break in the rim of the 
Golgi vesicle is due either to partial impregnation of the rim, 
or to the 4 crescents 5 with their sphere substance representing 
optical sections of the vesicles. This can be the only explanation, 
because in the fresh cover-slip preparations treated with osmic 
acid for half an hour the rim of the Golgi element is perfectly 
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entire. Even thirty years ago Foot and Strobell studied these 
Golgi elements in the living eggs of Allolobophora and 
described them as granules exactly like those which I have 
shown in my figures of the living eggs of Pheretima. 

In face of the clear statement of Gatenby, that in the fresh 
egg of Lumbricus the Golgi element is a 4 spherule* or a 
4 bead ’ with a * highly refractive peripheral area it is difficult 
to understand what led Harvey (1929) to make the statement 
4 that in the oocytes of Lumbricus, as shown by Nath with 
Gatenby (1926), the Golgi apparatus can be very easily seen in 
the living in the form of rodlets or crescents \ I may seem to 
be labouring this point, but the morphology of the Golgi 
element in eggs is of fundamental importance in the study of 
its functions. 

Harvey (1929) takes exception to my statement (1928) that 
the Golgi elements in living eggs can be more easily studied 
than in the living somatic or male germ-cells because their 
refractive index is higher op account of the presence of colloids 
in the form of free fat inside them. In support of his criticism 
Harvey cites the egg of Lumbricus, and says that 4 in this 
animal the Golgi apparatus is not concerned with fatty yolk- 
formation, there being no fat in the egg although I must add 
that in 1925 Harvey did mention the existence of fat in this 
egg. In reply to this criticism I may point out that the Golgi 
elements of Pheretima can certainly be demonstrated to 
contain small amounts of fat if the necessary precautions are 
taken (see Observations), that thirty years ago Foot and Strobell 
demonstrated the blackening of the Golgi elements of the egg of 
Allolobophora in five minutes ini percent, osmicacid, and 
that even in the case of Lumbricus Gatenby and Nath 
described the Golgi elements as 4 slightly osmiophile in spite 
of the fact that they did not take the necessary precautions. 
In the case of the oocytes of Culex, also, Nath (1929) has 
demonstrated the existence of fat in the Golgi vesicles by 
eliminating to a large extent the decolorizing action of xylol. 

Gatenby and Woodger (1920), Ludford (1921), and Brambell 
(1924) showed that in Patella the Golgi dictyosomes secrete 
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the fatty yolk, although it is very important to note that 
Ludford clearly mentioned that some of the Golgi elements are 
directly metamorphosed into such yolk. Brambell (1924) and 
Nath (1924), however, demonstrated that in Helix and 
Lithobius respectively the Golgi element is directly converted 
into fatty yolk. Nath (1926, &c.), and Nath and collaborators 
have insisted on the fundamental morphological similarity 
between a Golgi vesicle and a fatty yolk-vacuole, and have 
shown in a variety of eggs that the latter is nothing but a swollen 
Golgi vesicle containing fat. Similarly King (1926) showed that 
e the formation of fatty yolk from the Golgi elements in Oniscus 
is strictly comparable to the process described by Nath in 
Lithobius\ 

Becently, however, Hibbard (1928) and Harvey (1929) have 
claimed that, in the Amphibian Discoglossus and the crab 
respectively, fatty yolk arises independently in the cytoplasm. 
Since I have not personally examined these forms I will neither 
challenge nor accept these conclusions. Reference may be made 
to the numerous papers by Nath and his collaborators for the 
details of the process of the origin of the fatty yolk from the 
Golgi vesicles, but I will take this opportunity to lay the utmost 
emphasis that I can command on three points only of great 
fundamental importance. 

1. Hibbard and Harvey appear not to have realized that they 
are dealing with ‘ fat globules 9 and 1 fat droplets ’ respectively, 
while I am dealing with a vesicle having a definite membrane 
conta i n i ng fat. A simple experiment will explain my meaning 
and will bring home to them the difference between a fat 
globule and a vesicle containing fat. If particles of an oil, say 
clove oil, are thrown into osmic acid they go black immediately. 
Under the microscope they appear uniformly black and do 
not show an osmiophilic rim and a lighter central area. If, on 
the other hand, they place an advanced oocyte (about 2 mm. 
long) of the cockroach in 2 per cent, osmic acid and examine its 
contents (after rupturing the egg if necessary), at intervals from 
about ten minutes to forty-eight hours after immersion in osmic 
acid they will notice an entirely different phenomenon. After 
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ten minutes’ immersion or even less they will notice that in 
addition to the solid albuminous yolk-discs (if these have 
appeared, because there is no definite relationship between the 
size of the egg and the first appearance of proteid yolk), which 
appear perfectly white even after many hours’ osmication, 
there are dark-brownish vesicles of different sizes. Each vesicle 
shows a definite black rim (due to curvature) and a lighter 
brownish central area. The smallest vesicles are light brown, 
while the bigger are black brown, with the intensity of the brown 
colour increasing according to the size of the vesicles. When the 
osmication is prolonged, say to half an hour or more, the bigger 
vesicles look uniformly black without the rim (just like osmi- 
cated fat globules), showing that they contain larger quantities 
of fat, while the smaller vesicles, which are the Golgi elements 
containing smaller quantities of fat, still show a dark rim and 
a lighter central area. After still more prolonged osmication, 
as for example in Kolatschev, all the vesicles look uniformly 
black. The smaller vesicles can be traced back in fresh osmic 
acid preparations to the youngest oocyte, where they have a 
peri-nuclear arrangement, and in which they appear copper- 
coloured even after forty-eight hours’ immersion. Gradually 
they spread out in the cell and can be demonstrated as dark 
vesicles after shorter and shorter periods of immersion because 
they are becoming more and more fatty. For further details 
reference may be made to Nath and Piare Mohan (1929). I 
have mentioned the cockroach only because it is available in 
all parts of the world, but the same phenomenon may be 
observed in the spider, in Scolopendrid, Luciola, and 
Dysdercus, with periods of immersion in osmic acid varying 
in each case. The difference between the blackening of a fat- 
droplet in osmic acid and a Golgi vesicle containing fat is 
illustrated in Text-fig. 17. 

In the opinion of the WTiter the name 4 fatty yolk ’ is mis¬ 
leading, because it is not a case of a substance A being metamor¬ 
phosed into a substance B, but a case of a small vesicle simply 
enlarging and storing up fat inside it. 

2. Let us consider those eggs in -which there is admittedly no 
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fatty yolk, namely, the earthworm and the mosquito. Al¬ 
though in these eggs the Golgi vesicles do not swell up, yet they 
are fatty. This I have demonstrated in Culex (1929) and in 
Pheretimaby eliminating to a large extent the decolorizing 
action of xylol on the blackened Golgi vesicles, and the same was 
demonstrated by Boot and Strobell thirty years ago in Allolo- 
bophora, and in spite of the fact that they did not take the 
necessary precautions, Gatenby and Nath (1926) found the Golgi 
elements of Lumbricus 4 slightly osmiophile \ 

B. In Lucid a, Nath and Mehta (1927 and 1929) have 
demonstrated that the Golgi vesicles of even the primordial 
germ-cells contain fat inasmuch as they are blackened in ten 
minutes in osmic acid. In Dysdercus, Bhandari and Nath 
(in press) have shown that the Golgi vesicles are blackened in 
half an hour by osmic acid even in the earliest oogonia. 
Now a reference to Harvey’s and Hibbard’s papers will show 
that their * fat-droplets ’ or 4 fat-globules ’ appear in the cell 
in the course of oogenesis, while in Luciola and 
Dysdercus fatty Golgi vesicles (which react to osmic acid 
in Kolatschev or Mann-Kopsch like the typical Golgi apparatus) 
are present long before even the oocyte is differentiated. 

I hope Harvey and Hibbard will weigh the above conclusions 
carefully before they challenge the theory of the origin of fatty 
yolk from the Golgi elements, which I have elaborated after 
a prolonged study of fresh cover-slip preparations treated with 
osmic acid, and of the truth of which I am thoroughly convinced. 
Even if fat arises independently in the Discoglossus egg 
and that of the crab, as claimed by Hibbard and Harvey 
respectively, it does not follow that it always does so. 

Summary. 

1. Observations on the living ovary. 

The earthworm ovary, as also that of the medicinal leech, is 
surprisingly favourable material for the study of the Golgi 
apparatus and the mitochondria in the living condition. The 
Golgi elements stand out very prominently in all stages of 
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oogenesis as highly refractile spherules of a dark-greyish colour, 
performing a dancing movement in the cell. In the earliest 
oogonia situated near the septal insertion of the ovary there 
is a single Golgi spherule lying near the nuclear membrane. 
It probably divides at first into two and then into four, till in 
advanced oocytes there is a large number of Golgi elements 
distributed uniformly in the cytoplasm. The mitochondria in 
the earliest oogonia cannot be detected. Soon, however, they 
arise in the form of either a horseshoe closely fitting the nuclear 
membrane or a roundish mass, consisting of whitish granules, 
much less refractile than the Golgi elements. Gradually they 
spread out in the cytoplasm and perform a dancing movement. 
The Golgi elements and the mitochondria remain unaltered for 
a long time after the death of the cell. 

Attention is drawn to the excellent work of Foot and Strobell 
(1901), who described in the fresh egg of Allolobophora 
only two types of granules, namely, the ‘ deutoplasmic 5 or 
* osmiophile 5 granules (Golgi elements) and the 4 archoplasmic ’ 
or 4 yolk-nucleus ’ granules (mitochondria). They have also 
shown only one osmiophile granule in their photographs of the 
earliest oogonia. 

2. Observations on the living stained ovary. 

Neutral red and janus green B do not in any way improve 
the visibility of the inclusions, if indeed any improvement were 
desired. The Golgi elements do not at all stain with neutral 
red. The mitochondria may appear slightly blue with janus 
green. 


3. Observations on fresh ovaries treated with 
osmic acid. 

The importance of this technique is greatly emphasized. 
After five to ten minutes' osmication the Golgi elements become 
copper-coloured, but they still appear solid. After half an hour’s 
osmication they become slightly black and each element now 
shows very clearly a dark peripheral rim and a clear central 
area. The element is therefore not a solid or a semi-solid body, 
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but a vesicle with a definite osmiophilic rim and a hollow 
interior. After two hours’ osmication the vesicles become still 
blacker. 

4. Experiments with the Centrifuge. 

The centrifuge very clearly reveals the existence of only two 
types of inclusions, namely, the Golgi elements and the mito¬ 
chondria. There is neither yolk nor any other type of inclusion. 

5. Observations on Fixed Preparations. 

If a Champy-fixed ovary is mounted whole, the Golgi 
elements appear as black granules. Within a month or so, 
however, they are decolorized by xylol. This proves the exis¬ 
tence of fat inside the Golgi vesicle. In Champy-fixed sections, 
however, the vesicles are decolorized immediately after ini-, 
mersion in xylol. Kolatschev preparations demonstrate very 
satisfactorily the vesicular shape of the Golgi element. 

6. The morphology of the Golgi apparatus in general is dis¬ 
cussed in detail in the light of the recent work of Gatenby, 
Hirschler, Bowen, and others. 
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1 Previous workers have referred to these funnels as e nephrostomes \ 
Professor Goodrich, however, has pointed out to me that this latter term 
is only applicable to the funnel of a nephridium. Eurther, in a forthcoming 
work he is proposing the term e peritoneal funnel 9 for the ‘ vertebrate 
funnel leading from coelom to nephrocoel \ Now it is shown in the course 
of this research that the peritoneal funnels of R. temporaria lead from 
coelom to haemocoel, and never have any connexion with the nephrocoel; 
at the same time, it seems highly probable that this connexion existed 
ancestrally and that the funnels of R. temporaria may therefore 
legitimately come within Professor Goodrich’s definition. 
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Historical Summary. 

An extraordinary amount of confusion seems to exist at 
present as regards the development of the mesonephric units of 
Anura. Almost every worker who has worked upon the subject 
has not only put forward a new theory, hut has, in most cases, 
boldly stated this theory to apply to the whole group. This 
would be the more easy to understand if each author had worked 
upon many genera ; but in the majority of cases only a single 
genus has been investigated and there has been little or no 
attempt to bring the new facts observed into line with the state¬ 
ments made by previous authors. Though there should ob¬ 
viously be a general similarity in the development of the meso¬ 
nephros throughout the whole group Anura, I do not suggest 
that the very detailed account of Eana temporaria which 
I am about to put forward is directly applicable to any other 
genus. 

Only one previous paper, that of Marshall and Bles (1890), has 
been exclusively devoted to the mesonephros of E. tem¬ 
poraria; indeed, the whole genus Eana has been sur¬ 
prisingly neglected, since the two most recent papers are those 
of Hall (1904), who worked upon E. sylvatica, andFilatow 
(1904), who investigated E. esculent a. The work of Hall 
has been so widely quoted, and appears to have been so generally 
accepted, that it is proposed to use it as the base of this summary. 

Hall, then, states that ‘ in the region of the mesonephros the 
mesomers detach themselves from the somite and fuse to form 
a continuous mesonephros blastema in which swellings are seen. 
These are the mesonephric blastulae—the fundaments of the 
mesonephric units ’. This view, first advanced by Clarke (1881), 
was in direct contradiction to the accounts usually accepted at 
this time. Fiirbringer (1887) had stated that the mesonephric 
units arose as solid ingrowths from the peritoneal epithelium, 
which were joined by scattered mesenchyme cells before severing 
their connexion with the peritoneum and becoming differen¬ 
tiated into tubules. This account agreed in the main with those 
of Spengel (1876) and Goette (1875), save that the latter supposed 



AMPHIBIAN KIDNEY 


509 


the original connexion with the peritoneum to be maintained 
through a ciliated funnel. The accounts given by Filatow agree 
in the main with those of Hall (with whose work he was obviously 
unacquainted) and do not merit a separate description. 

Hall also confirmed the fact, already stated by Spengel (1876), 
Nussbaum (1880), Hoffmann (1886), Marshall and Bles (1890), 
and Farrington (1892), that the peritoneal funnels 1 of the adult 
open into the blood-system; yet even if we take this fact for 
granted, we find that much confusion exists as to the manner in 
which this connexion is formed. The account usually accepted 
to-day is that put forward by Hall, who supposed the developing 
funnel and the malpighian capsule to form the two short arms 
of a Y, whose base opened into the archinephric duct; the 
attached end of the funnel then broke away and opened into 
a blood-vessel. He was uncertain as to whether the lumen of 
the funnel was at any time in continuity with the lumen of the 
capsule, but inclined to the view that it was not. Spengel (who 
was the original discoverer of these funnels) supposed them to 
have had a primary connexion with the malpighian capsule, but 
found himself unable to trace this connexion at any stage. 
Nussbaum and Hoffmann merely confirmed the results of 
Spengel and stated themselves to be in agreement with his con¬ 
clusions ; the latter also pointed out (as is remarked in passing 
by Farrington) that the capsulo-coelomic connexion through tho 
peritoneal funnel was maintained throughout life by the Urodela. 

Marshall and Bles, working upon B. temporaria, pointed 
out that the funnels opened into the veins at the earliest stage 
investigated by them (20 mm.); they presumed that there must 
have been a connexion with the capsule at some stage of the life- 
history, but stated themselves unable to find this connexion. 
With regard to the development of the malpighian capsules, they 
stated that ‘ in tadpoles of 10 to 12 mm. length the Wolffian 
tubuies arise as little masses of cells in the mesoblast between 
the aorta and the archinephric duct, a little distance from the 
peritoneum and quite independent of it. These masses of cells 
are at first segmentally arranged ; they are ill-defined groups of 
1 Termed by them c nephrostomes ’. 

NO. 291 L 1 
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spherical, or slightly branched cells, which rapidly acquire a 
more definite rod-like shape, then become tubular and, growing 
outwards, meet and open into the archinephric duct, while at 
their opposite ends malpighian bodies are formed at a slightly 
later date.’ 

We have, therefore, two distinct schools of thought as regards 
the original formation of the malpighian units. The first school 
supposes them to be derived from the peritoneum (Goette and 
Spengel); the second school (Clarke, Hall, and Marshall and 
Bles) supposes them to arise from mesodermal cells of doubtful 
origin. These two schools are more or less united in the work 
of Furbringer, in that he regards the proliferated peritoneal cells 
as being joined by mesenchyme cells; both schools unite in 
pres umin g the peritoneal to be derived from some portion of the 
malpighian unit, from which it severs its connexion in order to 
open into a vein. 

It has long been realized that the kidney of Amphibia is com¬ 
posed of two types of unit whose origins differ; the brief outline 
which we have just given applies only to the earliest set of units, 
termed variously the * early units ’ and the ‘ primary units 
The development of the later units has also given rise to two 
distinct schools of thought. The school which regarded the first 
of these sets as originating in the peritoneum, supposed the 
secondary units (as they termed them) to be derived from buds 
upon the primary units and in this view they were joined by 
all other workers except Hall. He, however, still further divides 
the later units into secondary and tertiary derivates of the 
blastema together with a further set of ‘outer units’. The secon¬ 
dary and tertiary units were derived exactly as were the primary, 
i.e. as swellings in the solid cord of cells which he termed the 
blastema, but he frankly states that he is not satisfied as to the 
origin of the ‘ outer units ’, but suggests that they are formed by 
the splitting of already formed units. He makes special mention 
of the peritoneal funnels, suggesting that in addition to some 
formed by splitting of primary funnels, others might be produced 
from cells already in situ; from whence these hypothetical 
cells could have come he does not say. 
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The only other worker who seems to have regarded the adult 
funnels as presenting a special problem is their discoverer 
Spengel. He endeavoured to show that these funnels, about 
whose origin he is doubtful, maintained throughout life a con¬ 
nexion with some portion of a malpighian unit. He found him¬ 
self, however, quite unable to prove his point, though in one 
case he has recorded a long ciliated tube, the free end of which 
was applied to the peritoneal epithelium and whose dorsal end 
appeared to lead to the collecting trunk. (In common with other 
workers he termed the ‘ collecting trunk ’, that portion of the 
primary tubule from which had been given off the secondary 
tubules.) The presence of this long ciliated tubule is of particular 
importance in view of the confirmation it gives to our own 
account of the development of these later peritoneal funnels 
(vide subter). 


Material and Technique. 

The tadpoles and newly metamorphosed frogs used in this 
work were all bred in the laboratory from B. temporaria 
obtained in the London district; post-metamorphic stages were 
captured in the same district. The tadpoles were graded into 
stages according to the length from the tip of the snout to the 
tip of the tail, and it was found, under the artificial conditions 
employed, that the following lengths, ages, and conditions 
corresponded. 


Length 

(mm.) 

Age 

(days) 

Condition . 

6-7 

8 

Larva just hatched from albumen. 

10-12 

15 

External gills just vanishing. 

19-22 

49 


23-25 

63 

Hind legs just appearing. 

28-30 

84 

Front legs evident. 

10 

89 

Metamorphosis just complete. 


These stages are singled out for special mention since they are 
those stages to which reference is made in the text and in the 
plates; a much more complete series was, of course, investigated. 

L 1 2 
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The material was fixed for about 12 hours in Bouin’s picro- 
aeetic-formol and then washed in 70 per cent, alcohol till all 
the yellow colour was removed. Embedding, after dehydration 
in 90 per cent., 95 per cent., and 99 per cent, alcohols and clear¬ 
ing in oil of cedarwood, was carried out in 56 degrees paraffin 
wax and 10 /a sections cut in transverse, frontal, and sagittal 
planes. The best stain for the sections was found to be Delafield’s 
haematoxylin, with subsequent ‘ blueing ’ in ammonia vapour. 
In the differentiation of the different parts of the more advanced 
kidneys Pacini’s triple stain was found useful, but it tends to 
obscure histological detail. The sections were without exception 
mounted in Gurr’s neutral balsam. 

Only one difficulty was encountered—the tendency of tad¬ 
poles from 10 to 30 mm. long to take grit into the alimentary 
canal; in order to obtain good sections of these stages it was 
found to be absolutely essential to remove the entire gut from 
the larva before embedding. 

The reconstructions were carried out by ordinary graphic 
methods and subsequently shaded, with the aid of the actual 
sections, to simulate relief. 

Development op the Mesonephros. 

A. Early Units. 

If we examine the mesonephric region of a 10 mm. tadpole, we 
notice that there is an irregular mass of cells occupying a tract 
of the retro-peritoneal tissue along the dorso-medial wall of the 
arehinephric duet; this tract of tissue is the ‘ blastema ’ of 
Hall (vide p. 508). It seems to me to be highly improbable that 
it should, as he states, have been cut off as a solid mass of cells 
at the time of the division of the mesoderm into dorsal and 
ventral portions, and I am far more inclined to Eurbringer’s 
view that it is an agglomeration of specialized mesenchyme 
cells; that these mesenchyme cells represent that portion of 
the mesoderm known as the intermediate cell-mass is, of course, 
obvious, since in every known vertebrate it is from this portion 
of the mesoderm that the excretory system arises. 
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The development of the early units from this blastema is 
essentially as described by Marshall and Bles ; but since their 
account occupied less than a hundred words, very little excuse 
seems to be necessary for presenting a more detailed description. 

A remarkable fact, for which I can find no previous mention, 
is that the early units develop asymmetrically on each side of 
the animal. In every case which I have examined, the meso¬ 
nephric units of the right side are far less developed than those 
of the left side. It is true that all the larvae examined by me are 
from the London district, but I do not consider it possible that 
such a condition should be merely a local abnormality, and I am 
at a loss to explain why the fact has not been recorded by earlier 
workers. This asymmetry is of the utmost value to the investi¬ 
gator since it permits of the tracing of the whole history of the 
unit in a single tadpole. Text-fig. 1, for example, is a complete 
reconstruction of both mesonephroi from a 17 mm. tadpole; 
every stage in the development, from the first nephroblast 
vesicle (vide sub ter for the explanation of this term) to the 
much-coiled unit, is there shown, but in order to get a better 
idea of the early development it is necessary to discuss, first of 
all, the condition in a rather younger tadpole. 

The examination of a series of sections through the meso¬ 
nephric region of a 13 mm. tadpole shows that a series of con¬ 
densations have taken place in the mesonephric blastema—for 
reasons which will later become apparent I propose to term 
these condensations the 4 nephroblast vesicles Bach consists, 
on the average, of about seven or eight cells, loosely pressed 
together and whose position bears no constant relation to the 
segmentation of the animal, since there are some six or seven 
such vesicles extending over the space of five or six segments. 
The vesicles are in no way joined one to the other, but are quite 
distinct condensations within the main irregular mass of the 
blastema ; it must further be clearly understood that the num¬ 
ber of cells entering into these condensations form only a quite 
small proportion of the total number of cells in the blastema, 
and the nephroblast vesicles of R. temporaria are not, 
1 Vide £ Glossary of New Terms ’ on p. 544. 
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Text-pig. 1. 



Reconstruction of both mesonephroi of a 17 mm. tadpole, as soon 
from the ventral surface. AD, archinephric duct; L 1 to L 10, 
malpighian units of the left side ; HI to B10, malpighian units of 
the right side. (The unit L 5 has been slightly displaced in a 
posterior direction in order to permit the unit L 4 to be seen.) 
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therefore, identical with the 4 blastulae ’ of Hall which were 
stated to be regularly placed swollen nodes connected by a 
smooth cord of cells. 

All the nephroblast vesicles arise about the same time but 
develop rather more rapidly in the posterior than in the anterior 
region; it has frequently been stated, in this connexion, that 
the mesonephros forms in a regular manner from the posterior 
to the anterior. This is a misuse of the word ‘ form ’: the 
fundaments of all the vesicles are formed at the same time, but 
they develop rather more rapidly in the posterior region. This 
statement is entirely relative, for a glance at Text-fig. 1 shows 
that there is no uniform gradation in stage from the most 
anterior to the most posterior unit. The right mesonephros 
(shown on the left-hand side of the figure) has the eighth unit 
(R 8) most highly developed, while in the left hand the seventh, 
eighth, and ninth units (L 7, L 5, and L 9) are at an almost 
equally advanced stage of development; again, the fifth unit 
on the left kidney (L 5) is far in advance of the more posteriorly 
placed sixth unit (L 6). 

When the nephroblast vesicles are first formed they are 
roughly spherical in shape (L 2, L 2, R1, and B 10 on Text- 
fig. 1, for example), but soon become oval (B2) owing to the 
elongation of the cells of which they are formed. This oval 
vesicle then develops a lumen and commences to grow rapidly 
at each end. The end nearest to the arehinephric duct forces 
its way into the wall of the latter so that the lumen of the 
vesicle becomes continuous with that of the duct; this is 
diagrammatically represented in Text-figs. 2 a and 2 b. While 
this connexion is being formed the other end of the oval vesicle 
is growing downwards round the wall of the arehinephric duct; 
the proliferation of cells at this growing tip, moreover, has not 
only caused the lengthening of the vesicle but has also given rise 
to a slight dilatation of the tip, so that at this stage the develop¬ 
ing unit presents the subclavate shown at i?2, Text-fig. 1. 
A section which is transverse to the arehinephric duct will, at 
this stage, cut the tip of the developing unit obliquely; such 
a section is shown at fig. 1, PL 27, and it will be noticed that the 
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nephroblast vesicle (n.v.) is still surrounded by blastema cells 
(b) and does not, as stated by both Fiirbringer and Marshall 
and Bles, lie freely in the connective tissue. 

So far only the cells comprising the two ends of the developing 
vesicle have increased in number, but after the connexion with 


Text-pig. 2. 



Series of diagrams representing the formation of an early unit from 
a nephroblast vesicle. AD, archinephric duct; FO, fundament 
of glomerulus; NV, nephroblast vesicle. 


the archinephric duct has been formed, the cells of this end 
remain quiescent while those of the central and terminal por¬ 
tions continue to divide rapidly, so that the vesicle becomes 
elongated into an embryo tubule; but the cells of the central 
portion do not divide equally on both sides of the duct and the 
terminal portion becomes bent back upon the remainder into 
the form shown at L 4, Text-fig. 1. The cells of the tip, however, 
continue to divide, evenly and rapidly so that a mass of cells is 
formed which, upon the inner side, soon commences to push 
inwards and obscure the lumen ; this mass is the rudiment of 
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the malpighian glomerulus and is represented at FG, Text-fig. 
2 o. This ingrowing portion continues to increase rapidly in 
size (Text-fig. 2 d), its cells become reorientated and it finally 
breaks away from the capsule as the “Completed glomerulus 
(Text-fig. 2 b). This breaking away is not entirely complete, but 
a narrow strand, representing the blood-connexion, remains in 
connexion with the capsule ; finally, the increase in size of the 
glomerulus stretches the walls of the capsule until they assume 
the membranous condition shown in figs. 4 and 5 on PI. 27. 

While this differentiation has been going on within the capsule, 
the increase in length of the tubule has carried the malpighian 
capsule at its tip into a position alongside the peritoneal wall 
of the kidney; the continued division of the tubule cells can 
therefore no longer give rise to an increase in length, but must 
result in coiling. This coiling, which is perfectly regular, takes 
place in the following manner. 

The first bend, as already stated, is such as to cause the whole 
unit to become recoiled upon itself. The second is similar, but 
in a different direction, to the first, so that an ‘ S ’-shaped bend 
is produced ; this bend is, of course, the well-known ‘ Henle’s 
loop and is extremely well illustrated by the condition of the 
units B 8 and L10 in Text-fig. 1. The distal (that is to say, 
farther from the archinephric duct) curve of the S bend now 
sends out a loop parallel to the plane of the archinephric duct; 
the resultant form, which is far easier to figure than to describe, 
is shown by the unit L 6. The section in fig. 8, PI. 27, is across 
the region indicated on L 6, Text-fig. 1, and shows the rapid 
cellular division from which this bend takes its form. The 
proximal curve of the original S now pushes rapidly towards 
the median plane of the animal, and since there is little, or 
nothing, to impede its growth, it pushes farther than the bend 
last described so that this medially directed loop becomes 
rather more drawn out, and in consequence rather thinner, than 
the other portions of the tubule ; this thin loop is well shown in 
fig. 6, PI. 27, and in the unit L 7 in Text-fig. 1. The remaining 
central portion of the original S now elongates and becomes bent 
into the form of the Greek letter S ; these bends are shown in 
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the units L 7 and L 9, Text-fig. 1. Beyond this point the coiling 
becomes quite irregular, since the units have now attained such 
proportions that they tend to press one against the other with 
a resultant modification of the position of their coils. 

It will be noticed, on reference to Text-fig. 1, that the 
anterior vesicles are shown as lying against the dorso-medial 
wall of the archinephric duct while the more developed posterior 
units are shown as inserted ventrally; this is accounted for by 
the ‘ rotation ’ of the archinephric duct. We place the word 
rotation between quotation marks since this word is far more 
applicable to the result than to the means by which it is pro¬ 
duced ; actually the cells of the dorsal wall of the duct divide 
so that the area occupied by this wall is increased and, 
without any actual movement of the duct, the apparent 
orientation of its walls is thus altered, what was originally dorso- 
medial being pushed round until it becomes ventral. This appar¬ 
ent rotation of the duct continues until the point of insertion 
of the original units comes to occupy the lateral wall; the 
significance of this change becomes apparent when we deal with 
the development of the later units. 

Now let us turn our attention to the development of the 
peritoneal funnels of the early units; these are not shown in 
the reconstruction since they would merely serve to obscure 
the outlines of the units. 

When the growing tip of the unit reaches the peritoneum 
there is found to be a small roundish mass of cells lying between 
the two ; these cells are the rudiment of a funnel. Whether 
these cells are blastema tissue which has been pushed down 
along with the tip of the unit, or whether they are a product of 
this latter, it is impossible to say. I am inclined to think that 
the former is true and that the funnel is therefore differentiated 
from the rest of the units at the very commencement of its life- 
history; at any rate, it may be quite definitely stated that this 
mass of tissue lies at the tip of the developing malpighian cap¬ 
sule and never, in R. temporaria, occupies the position 
indicated by Hall for R. sylvatica. This mass, which is 
shown diagrammatically at FN, Text-fig. 8 a, then becomes 
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elongated into a spindle-shaped tubule, closed at both ends; 
this is represented in Text-fig. 8 b. The plane of this 
spindle-shaped tubule is parallel to that of the peritoneum— 
that is to say, transverse to the plane of the long axis of the 
malpighian capsule; we speak in terms of planes since the 
actual orientation within this plane appears to be a matter of 
chance. Both Hall and Marshall and Bles lamented the fact 
that,'in the words of the latter, 1 transverse sections do not cut 
the nephrostomes in a favourable plane for observation ’. This 
is perfectly true—but it would be equally true were the state¬ 
ment made of frontal or sagittal sections. There is absolutely 
no means of foretelling in what plane any particular funnel will 
lie ; it is largely this fact which causes me to believe that the 
funnel rudiment is early differentiated from the malpighian 
capsule; for if it were the product of the latter, one would expect 
to find some form of constant relation between the two. A 
transverse section of the spindle condition is shown at 
fig. 2, PI. 27, and it will be noticed that the developing funnel 
is only very loosely applied against the wall of the malpighian 
capsule. 

The lumen of the spindle now increases in size, as do the cells 
of its wall, these latter acquiring cilia. The lumen then forms 
a connexion with the coelom and with an outgrowth from a 
neighbouring vein. Pig. 4, PI. 27, shows the connexion ( o.n .) 
between the coelom and the funnel, while fig. 5 on the same plate 
shows the connexion of a funnel with a blood-vessel ( b.v .); 
both these connexions appear to be formed about the same 
time. There is no doubt whatever that the lumen of the funnel 
is never in continuity with that of the malpighian capsule; 
for, as we have already stated, the lumen of the developing 
funnel lies in a plane at right angles to that of the developing 
malpighian capsule, so that this latter only comes in contact 
with the central portion of the funnel wall. 

Now so far we have only traced the development of the 
vesicle; the cells of the blastema develop as rapidly as do those 
of the vesicle. Thus in fig. 1, PI. 27, the blastema ( b ) consists of a 
few cells lying around the nephroblast vesicle. A section inter- 
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mediate between two vesicles would show a solid blastema mass 
occupying the same area as is occupied, in the section mentioned, 
by both the vesicle and the blastema put together ; in short, as 
has already been pointed out, but cannot be too heavily em- 


Text-pig. 3. 



Series of diagrams representing the formation of a peritoneal funnel 
from a mass of blastema lying between the wall of the malpighian 
capsule and the periphery of the kidney. FN, fundament of funnel; 

IN, inner opening of funnel to blood-vessel; MG, malpighian 
glomerulus; ON, outer connexion of funnel; V, blood-vessel; 

W, periphery of kidney. 

phasized, they are not condensations of the blastema, but in 
the blastema. 

As the units develop, therefore, they are always surrounded 
by the growing blastema ; but the increase in the space occupied 
by the growing units tends to separate the main mass of blas¬ 
tema from the region of the archinephric duct, as is shown in 
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the series of sections, figs. 1 to 6, PI. 27. In figs. 1, 2, 3, and 4, 
PI. 27, the archinephric duct (a.d.) still retains a connexion 
with the blastema, but in 5 a tubule has forced its way up 
between the two, and in 6 two tubules occupy this position. 
The blastema does not become separated from the archinephric 
duct along its entire length, but remains connected to it by five 
or six 1 straight tubules ’ whose origin is as follows. 

An examination of fig. 4, PI. 27, shows, at the dorso-medial 
angle of the arehinephric duct, a small mass of cells (f-st.) which 
at first sight appears to form a nephroblast vesicle; this mass 
of cells is the rudiment of one of the straight tubules. Each 
develops as if it were a nephroblast vesicle up to the point at 
which the connexion with the archinephric duct is formed. At 
this stage, it will be remembered, the developing unit has the 
form of a short tubule whose end is swollen in a manner sugges¬ 
tive of a malpighian capsule; but in the case of the straight 
tubule this malpighian capsule never becomes perfected, neither 
does the tubule ever become coiled. It remains as a straight 
connexion between the archinephric duct and the blastema mass, 
increasing in length as the distance between the two increases. 
The development of this straight tubule is diagrammatically 
shown in Text-figs. 6 a to 6 c, and will be given in more detail 
when we come to discuss the development of the later units. 

To sum up, then, the development of the kidney from 12 to 
17 mm., we may say that about (varying in different individuals) 
ten units are formed upon each side, each unit being derived in 
its entirety from a nephroblast vesicle, which is itself a condensa¬ 
tion in the blastema. At a slightly later date five or six vesicles 
arise which do not develop into perfect units, but remain as 
straight tubules running from the dorso-medial blastema to the 
dorso-lateral archinephric duct. Further, the peritoneal funnels, 
which never have any connexion with the lumen of a malpighian 
capsule, develop from masses of tissue lying between the mal¬ 
pighian capsule and the peritoneum and form a clear connexion 
between the coelom and the blood-system. 
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B. Later Units. 

i. General.—The development of what I propose to term 
‘ later units ’ (secondary, tertiary, and outer units of Hall) 
commences at about 18 mm. and continues up to about two 
years. The processes which are about to be described have been 
worked out from sections of larvae varying between these two 
ages, but the actual sections figured are for the most part from 
20 mm. and newly metamorphosed tadpoles. These two stages 
have been selected solely because the development of the units 
appears to be carried on most actively at these times ; almost 
any stage in the development of either a malpighian unit or 
a peritoneal funnel may be found in any specimen between the 
two ages mentioned. 

In order clearly to understand what follows, it is essential 
to realize the general structure of the mesonephros of a young 
tadpole ; PI. 28 shows photographs of transverse (fig. 7, PI. 28) 
and obliquely parasaggital (fig. 8, PI. 28) sections of a 20 mm. 
stage. The asymmetric condition of the mesonephros is very 
clearly shown. The blastema (b.) occupies (in fig. 7, PI. 28) the 
dorso-medial angle of both mesonephroi; running down from 
this in a ventral direction is a ‘ string ’ of three malpighian 
glomeruli, of which the dorsal is the least developed, the middle 
one ( m.c .) clearly recognizable, and the lowest one in an almost 
perfect condition. Lying against the side of this last is a peri¬ 
toneal funnel whose outer opening (o.n.) connects with the 
coelom, and whose inner opening (i.n.) is clearly shown as leading 
into the large blood-vessel ( b.v .). Following this latter round 
in a ventro-medial direction to the ventral margin of the kidney, 
we find two tubules ( nst.t .) actually lying within the blood-, 
vessel. Just to the left of these two tubules there is a further 
malpighian capsule whose glomerulus is very small and has no 
connexion (either in this or in any other of the neighbouring 
sections) with the blood-supply; from this, and from the fact 
that the walls of the capsule are being crushed in by the sur¬ 
rounding tubules, we may presume that the glomerulus is 
degenerating. Betuming once more to the dorsal side of the 
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mesonephros, we see that the archinephric duct (a.d.) has now 
become pushed a considerable distance from its original position, 
towards the lateral margin of the kidney ; the duct bears upon 
its ventral surface a small conical mass of cells which, when 
seen under a higher magnification (Text-fig. 4), shows a glassy 
protoplasm and irregular nuclei—which is, in fact, a typical 

Text-fig. 4. 



Micro-photograph of region indicated in PL 28. AD, archinephric 
duot ; DO, lobe of degenerating tissue attached to the duct. 


mass of degenerating tissue. The remainder of the area of the 
kidney is occupied by large tubules whose lumina appear to be 
partially obscured by a fine reticulum. 

Turning, for a moment, to the longitudinal section (fig. 8, 
PI. 28), we see that the blastema ( b .) (in that portion of the 
section in which it is cut) lies along the upper margin of the 
kidney as an irregular band of darkly staining cells, from which 



524 


PETER GRAY 


hangs down, at one point, a string of two malpighian capsules 
with their glomeruli. The more ventral (and the more highly- 
developed) of these two glomeruli is associated, at its tip, with 
a funnel (n.): At about the centre of the dorsal margin 
of the section there is a reorientation of the blastema cells into 
a form strongly suggesting a downwardly growing tubule 
(nstv.). Owing to the plane in which the section lies, the 
archinephric duct is not cut at any point, but at s.t. there is 
a darkly staining duct (cut in transverse section) which may be 
easily identified as one of the ‘ straight tubules ’ to which some 
reference has already been made; growing down diagonally 
from the straight tubule, there is a further mass of cells (o.si.). 

Thus it will be seen that the kidney at 20 mm. differs sharply 
from that at 15 mm. in many particulars. The malpighian 
capsules at this latter stage are arranged at approximately equal 
intervals in a longitudinal direction ; at 20 mm. they appear to 
be arranged in a series of dorso-ventrally hanging * strings \ 
Further, tubules are now present which actually lie in a blood¬ 
vessel. There also remain to be explained the lobes of degenerat- 
. ing cells on the archinephric duct and the apparently degenerating 
malpighian glomerulus. 

All these differences have been remarked from the considera¬ 
tion of two isolated sections; let us now further investigate 
these differences by means of a reconstruction (fig. 9, PL 29). 
In this plate the general mass of black represents the outline of 
a portion of the mesonephros of a 20 mm. tadpole ; on this have 
been superimposed the peripheral blood network (red), a mal¬ 
pighian capsule (yellow), the archinephric duct, and ‘ straight 
tubule ’ (blue), a peritoneal funnel (green), and the tubule (also 
green) which in the section was seen to be inside a blood-vessel. 
It has been thought desirable only to include one nephrostome 
and one malpighian capsule within the reconstruction in order 
to avoid the confusion which would inevitably arise were all the 
malpighian capsules with their intercoiling tubules shown. 

It now becomes evident that what we have so far referred to 
as the straight tubule is the ‘ collecting trunk ’ of previous 
writers. Its development, which will be later given in more 
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detail, has already been briefly outlined, and in the example 
reconstructed there are no features of particular interest at¬ 
taching to it. The peripheral blood network is, so far as we 
know, of a form common to all immature mesonephroi and 
presents no feature of special interest. 

The malpighian unit, on the contrary, is altogether extra¬ 
ordinary, since a reconstruction of its tubule (also yellow) shows 
this latter to end blindly. I would at this point categorically 
state that I have never found any tubule, other than the straight 
tubule or collecting trunk, opening into the archinephric duct 
in any tadpole of more than 20 mm. length. What, then, has 
become of the early units which we left in an apparently 
functional condition at 17 mm.? This question is, in my opinion, 
fully answered by the little masses of degenerating tissue which, 
at 20 mm., we found adhering to the archinephric duct; that is 
to say, I regard these masses of tissue as the points at which the 
early units have severed their connexion with the archinephric 
duct. I have been fortunate enough, in one instance, to find an 
abnormal case (in a metamorphosing frog) in which the primary 
tubule had not severed its connexion. Text-fig. 5 is a photo¬ 
graph of this case as seen in transverse section and it will be 
noticed that the rapidly degenerating connexion (DC) is upon 
the opposite side of the archinephric duet (AD) to the straight 
tubule (ST). Now it will be remembered that the archinephric 
duet ‘ rotates ’ upon its axis (vide p. 518), and this one section 
therefore bears out the two new points which I have so far 
introduced into this account, viz.: 

i. That the straight tubule or collecting trunk has no relation 
at all to the early units; since if it had it would have to be 
inserted upon the same side of the duct as are these units. 

ii. That the early units sever their connexion with the archi¬ 
nephric duct; since it is well known that this duct in the adult 
condition runs along the outer edge of the mesonephros and the 
position where were inserted the early units would therefore 
come to lie along that wall of the duct which is farthest from the 
main mass of the kidney—a reductio ad absurdam. 

There remains, in the reconstruction which we are at present 
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describing and in the two sections which we have already 
described, the ‘ tubules lying within the blood-vessel ’. A recon¬ 
struction of this tubule (green in PL 29) shows it to have one 
extremity ending blindly in the dorso-medial blastema mass 
and the other end, which is internally ciliated, ending blindly 
just outside a blood-vessel; the coils of the tubule between 
these two extremities lie actually in the course of a blood¬ 
vessel. Such parts of the tubule as do not actually lie within 
the vessel are, in the tadpole, embedded in the general blastema 
which still (20 mm.) surrounds the developing tubules and 
therefore forms the ‘ interstitial tissue ’ of the mesonephros. 
The presence of this ‘ interstitial tissue ’ will be the more easily 
understood, if we emphasize once again that the original nephro- 
blast vesicle was surrounded by a mass of blastema and lhat 
this blastema has grown proportionally with the tubules. 

To sum up, then, what we have learned from both seQtions 
and reconstructions of the mesonephros of a 20 mm. tadpole, we 
find: 

i. That the archinephric duct is furnished at intervals with 
collecting trunks. 

ii. That none of the malpighian units appear to have any 
direct connexion with the archinephric duct. 

iii. That, the greater part of these units appear to hang down 
in dorso-ventrally directed strings. 

iv. That there is a curious set of tubules, ending blindly at 
both ends, which more or less closely follow the interior of the 
blood-system. 

Let us examine these points in the order in which we have 
given them. 

ii. Collecting trunk.—Though we have already, in order 
to link up the development of the early with the later units, 
given a brief outline of the history of the trunk, it would be as 
well to describe this in more detail. 

All workers, from Purbringer onwards, have noted the exis¬ 
tence of the collecting trunk, but all have, without exception, 
supposed it to be derived from one of the early units. In this 
connexion it is significant to note that all these workers, save 
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only Marshall and Bles (who regarded the collecting trunk as 
an accomplished fact), have worked upon other forms than 
B. temporaria, and I am perfectly prepared to admit that 
the description which follows may be but another instance of 


Text-pig. 5. 



Micro-photograph of the archinephric duct and surrounding tissue 
of an abnormal metamorphosing frog. AD, archinephric duct; 

DC, degenerating connexion of an early unit with archinephric 
duct; ST, straight tubule. 

the highly modified developmental history exhibited by this 
form. 

In B. temporaria, then, the first origin .of the collecting 
trunk is a small spherical condensation in the dorso-medial 
blastema mass and is, at first, indistinguishable from those from 
which the early units are derived. These condensations usually 
appear at about the time when the first of the early units has 
attained its highest development—that is to say, at about the 
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stage reached in the reconstruction, Text-fig. 1. There are five 
or six such vesicles and there appears to be no definite segmental 
arrangement nor yet any relation in position to the early units. 
One of these vesicles, as already noted, is shown at fig. 4, 
PL 27. This vesicle elongates as the archinephrio duct is pushed 
away from the blastema and at the same time develops a swelling 
at its tip; fig. 15, PI. 81, shows a section of this stage,/.si. being 
the fundament of the straight tubule. I have no doubt whatever 
that this straight tubule is a modified unit—modified, that is, 
long before it becomes in any way comparable to a unit—and 
we may therefore safely regard the swollen tip as the vestige of 
what was once a malpighian capsule. The plane of this section 
shows the abortive malpighian capsule as separate from the 
fundament of the straight tubule, as there is, in thiB section, 
a slight upward bend of the tubule at this point. 

Very shortly after the stage figured has been reached the 
elongated vesicle acquires a lumen and forms a connexion with 
the archinephric duct. As this latter is pushed farther and 
farther from the main mass of the blastema so does the straight 
tubule increase in length until (fig. 16, PI. 81) it extends across 
the whole width of the dorsal surface of the mesonephros. The 
lumen of the tubule never penetrates the abortive malpighian 
capsule, which retains, at any rate up to two years, the appear¬ 
ance of a solid ball of cells. 

So much for the actual tubule; we have yet to explain the 
mass of downgrowing cells ( o.st .) shown, in fig. 8, PI. 28,- as 
attached to it. These outgrowths appear at irregular intervals 
along the length of each straight tubule arising as slight swellings 
upon the wall of the latter. These thickenings grow outwards 
as buds which continue to elongate and, when they have 
attained a length of about twice the diameter of the straight 
tubule, acquire lumina which become contiguous with that of the 
straight tubule. This condition is very clearly shown in fig. 17, 
PI. 81, where st. is the straight tubule and o.st. the bud; the 
abortive malpighian capsule is also shown (a.m.c.). This whole 
course of development is shown in Text-fig. 6. 

We are left, therefore, with a straight tubule, one end of 
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■which ends blindly in a mass of cells representing an ancestral 
malpighian capsule and the other end of which opens into the 
archinephric duct; at irregular intervals along the straight 
tubule there are buds. In order to understand the function of 
these buds we must first of all discuss the second point given 
in the summary above—the development of the malpighian 
capsules and glomeruli of the later units. 

Text-pig. 6. 



Series of diagrams illustrating the withdrawal of the blastema from . 
archinephric duct, and the formation of the straight tubule. 

AD, archinephric duct; B, blastema; FST, fundament of 
straight tubule ; KT, kidney tubules ; M, myotome ; N, noto¬ 
chord ; ST, straight tubule. 

iii. Malpighian capsules and glomeruli.—The 
main blastema mass of a 20 mm. tadpole consists, as we have 
already stated, of a continuous mass of tissue along the dorso- 
medial angles of both mesonephroi. In this blastema there have 
already arisen the nephroblast vesicles, giving rise to the early 
units, and a set of some six further vesicles which give rise to 
the straight tubules. 

There now arise, intermediate between, but not segmentally 
related to, the early units, another set of vesicles which we 
propose to term ‘ capsuloblast vesicles ’; 1 the explanation of 
this name is afforded by the fact that these vesicles give rise to 
the later malpighian capsules and glomeruli. Bach capsuloblast 
vesicle, when it first arises, is identical with one of the early 
1 Vide ‘ Glossary of New Terms ’ on p. 644. 
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nephroblast vesicles—i.e. it is a spherical condensation of some 
seven or eight blastema cells. The blastema cells immediately 
surrounding this condensation then -withdraw slightly so as to 
leave a small vacuole about the lower hemisphere of the vesicle. 
This stage is shown in fig. 10, PL 80, where b. is the blastema 
and op.v. the capsuloblast vesicle. 

The cells comprising this latter then multiply very rapidly 
till a solid, compact sphere of cells has been formed which may 
now be clearly distinguished, both by their smaller size and by 
their darker staining reactions, from the surrounding blastema. 
Such a condition is shown in fig. 11, PI. 30, where it will be 
noticed that one of the central cells of the capsuloblast vesicle 
is actually in a condition of mitotic activity. While this increase 
in the number of the vesicle cells has been going on, the sur¬ 
rounding blastema cells have still farther withdrawn so that 
the condensation is now entirely cut off from the blastema save 
by a narrow neck of cells. This is the first stage at which the 
condensation may be clearly recognized as an embryo mal- 
pighian unit. The cells of the vesicle now become reorientated 
into a series of concentric spheres surrounding a solid inner mass. 
These concentric spheres are the fundament of the glomerulus; 
why this concentric sphere arrangement should take place I do 
not know. There is no suggestion of this formation in the perfect 
glomerulus, and indeed this form is soon lost by the continued 
rapid multiplication of the cells. It is at this stage (fig. 12, 
PI. 80) that one begins to find traces of the formation of the 
tubule, in the blastema cells which form the boundary of the 
vacuole in which lies the capsuloblast vesicle. There is a tendency 
on the part of these cells to become elongated and reorientated 
into the form of an investing sheath (J.k., fig. 12, PI. 80) which 
becomes more thickened and clearly marked out as develop¬ 
ment proceeds. One portion of this sheath (that actually 
marked by the line/.fr.) becomes especially thickened and later 
grows out as the actual tubule. 

The next change observed is in the formation of the blood- 
supply to the glomerulus. This is formed by an outgrowth 
(&.s., fig. 18, PI. 80) from the cells originally comprising the 
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capsuloblast vesicle, which connects with a blood-vessel. At 
the same time as this is occurring the fundament of the tubule 
increases rapidly in size, acquires a lumen, becomes elongated 
into a regular tubular form, and commences to coil. The 
vacuole (which is now, of course, the cavity of the malpighian 
capsule) increases in size and the glomerulus assumes a typical 
form. The completed malpighian unit has been too well described 
to need re-description here, but in order to render the series of 
illustrations complete it is shown in figure 14, PI. 30. 

So far we have only dealt in detail with the capsule and the 
glomerulus ; there remains the tubule. If this description has 
been followed, it will have been realized that the capsule and 
glomerulus are formed in a portion of the kidney which is now 
widely separated from the archinephric duct. How, then, can 
the connexion between the two be acquired ? The answer is 
that as the tubule grows out it turns in an upward direction 
and fuses with one of the buds which has itself grown out of the 
straight tubule. Thus a mental picture of the malpighian units 
at this stage shows us a dorsally running transverse straight 
tubule from which hangs by the malpighian tubule, as fruit 
hangs from a branch, a malpighian capsule. 

Now all this description has dealt with the formation of a 
single unit and tubule ; we have not yet furnished any explana¬ 
tion of the phenomenon previously remarked—that the capsules 
and their contained glomeruli appear to hang down in ‘ strings ’ 
from the dorsal blastema. The explanation of this phenomenon 
is that the capsuloblast vesicles do not arise irregularly through¬ 
out the whole length of the blastema but only in certain definite 
tracts, each tract being apparently capable of giving rise to an 
indefinite number of units. As each capsuloblast vesicle develops, 
the growth of the blastema mass above it causes it to be pushed 
ventralwards; thus a clear tract of blastema is formed im¬ 
mediately dorsal to the vesicle and in this tract a further vesicle 
arises, which is in turn pushed downwards. This second vesicle 
is now pushed downwards to make room for a third, the third 
pushed down to make room for a fourth, and so on. The develop¬ 
ment of the individual vesicle appears to take place at such a 
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rate that the unit assumes its final form at the time when it has 
reached the ventral wall of the mesonephros; this rate of 
development is therefore variable, since the older the meso¬ 
nephros, the farther will the vesicle have to be pushed before 


Text-bio. 7. 



Series of diagrams representing the formation of the later malpighian 
units. B, blastema; AD, archinephric duct; OF, capsuloblast 
vesicles; FN, fundament of one of the later funnels; FT, 
fundament of malpighian tubule; OT, bud from straight tubule; 
ST, straight tubule; WK, ventral wall of kidney. 


it reaches the ventral wall. Thus in PI. 28 the mesonephros 
shown in transverse section is rather more advanced than that 
shown in longitudinal section; in both kidneys the ventral 
capsule is at the same advanced stage of development, but in 
the younger example the string is only composed of two capsules 
while in the elder it is composed of three. 

The course of development which we have just described is 
summed up diagrammatieally in Text-fig. 7. The capsuloblast 
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vesicles (OF, 7 a) arise in the blastema (B, 7 a), each vesicle 
descending as it develops and further vesicles arising above it. 
An outgrowth (OT, 7 b) appears on the straight tubule 
(ST, 7 b), and the developing capsule sends out a tubule 
(FT, 7 o) which meets and fuses (7 d) with this outgrowth. 

It will be noticed in 7 d that the lowest malpighian vesicle 
does not actually lie in contact with the ventral wall of the 
kidney (WK, 7 d), but is separated from it by a small mass of 
blastema (FN, 7 d) ; this mass of blastema is the fundament 
of one of the later peritoneal funnels, to whose development we 
will now proceed. 

iv. Peritoneal funnels.—There are two quite distinct 
methods of formation of the later funnels. The first method, 
which is only found in quite young (20 to 22 mm.) tadpoles, is 
analogous with the formation of the funnels of the early units. 
Each string of malpighian capsules bears at its tip of blastema 
cells which, when they reach the wall of the kidney, reorientate 
themselves into a spindle which acquires a lumen and later 
opens both from the coelom and to a blood-vessel. Text-fig. 8, 
in which is diagrammatically shown the development of the 
peritoneal funnel of an early unit, displays with equal accuracy 
the changes which take place in the course of the formation of 
one of these later funnels. 

Now it is obvious that the funnels produced in this manner 
will be numerically fewer than the malpighian units; but it 
has been frequently recorded that the funnels in an adult 
kidney outnumber the malpighian units by three or four to 
one. Two suggestions have so far been advanced to account for 
these later funnels: (i) that they are formed in situ from the 
wall of the peritoneum, or (ii) that they are produced by the 
division of already existing funnels. I have observed nothing 
in any of my sections which in any way bears out either of these 
suggestions ; in my opinion the peritoneal funnels are produced 
in the following manner. 

If we revert, for the moment, to our examination of the 
blastema of a 20 mm. tadpole, it will be remembered that not 
only are there capsuloblast and straight tubule-forming vesicles 
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produced, but also a further set of condensations (of which one 
is shown at nst.v., fig. 8, PL 28) for which we have so far recorded 
no function. This vesicle (which for reasons later becoming 
apparent will in future be referred to as the vesicle of a ‘ funnel¬ 
forming tubule ’) 1 develops in a manner utterly different from 
that of any of the other vesicles. 

The original spherical shape of this vesicle soon becomes 
modified to that of a hemisphere by the excessive growth of one 
side of the vesicle and the consequent crushing of the other side 
against the upper margin of the kidney; this hemispherical 
condition is apparent in the section already quoted. The rapid 
growth of the lower side then continues so that the vesicle 
assumes the form of a blindly ending tubule ; this slightly later 
stage is represented at nst.v., fig. 10, PI. 30. The tubule grows 
rapidly in length, pushing downwards towards the lower margin 
of the kidney ; shortly before it reaches this margin, the tip 
of the tubule enters the peripheral blood-system by forcing its 
way through the inner wall. We have here, therefore, the 
explanation of the tubules which have already been noted as 
lying within this'blood-system. The sole function of these tubules 
is to give rise to peritoneal funnels; since both the existence 
of these specialized tubules and the function subserved by them 
is here noted for the first time, it is obvious that a name must 
be found to describe them and we propose to employ the term 
‘ funnel-forming tubules L 1 The actual method of funnel pro¬ 
duction from these tubules is as follows. 

When the tip of the tubule has accomplished about half of 
its journey towards the peripheral blood-system, it becomes 
internally ciliated ; by the time that the tip has penetrated the 
blood-vessel the whole lower third of the tubule has acquired 
these internal cilia. Shortly after its entry into the blood- 
system the tip of the tubule lays itself parallel to the outer wall 
of the blood-vessel—that is, to the outer wall of the 
kidney. This orientation of the tip is shown in fig. 18, PI. 81, 
where nst.t. is the ciliated tip. That wall of the tubule which 
lies against the periphery of the blood-vessel then breaks 
1 Vide 1 Glossary of New Terms 1 on p. 544. 
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down (at the point bn., in fig. 19, PI. 81), and in this is soon 
followed by the inner wall of the tubule ; in short, the whole 
tip detaches itself from the tubule and lies against the outer 
wall of the kidney. This wall is not, as it is usually figured, com¬ 
posed of a thin sheet of squamous epithelium, but is strongly 
reinforced in many places by agglomerations of the blastema 
cells ; it is to these blastema cells (b., in the two figures already 
quoted) that the now severed-tip becomes attached. This 
severed tip, which, it will be remembered, is internally ciliated, 
may now be termed a ciliated funnel. 

We have then, at this stage, a funnel which opens inter¬ 
nally to a blood-vessel but whose outer extremity ends blindly 
in a mass of blastema cells. This blindly ending tip then 
forces its way to the surface of the kidney where, as in the 
case of the funnels produced by other methods, a coelomic 
connexion is formed. 

Now let us return to the funnel-forming tubule. The end, 
from which has been separated the funnel, soon heals, but even 
before this healing has taken place there is an exceedingly rapid 
growth of the cells comprising the wall of the tubule which lies 
farthest from the periphery of the kidney; this rapid growth 
causes the tubule to turn sharply back upon itself, as is shown 
in the tubule reconstructed on PI. 29 where that portion of the 
tubule most nearly approximated to the funnel presents a ‘ V ’- 
shaped formation. This ‘ V ’ shape is very typical, being present 
in every funnel-forming tubule which I have reconstructed and 
forms, in my opinion, one of the most convincing arguments in 
favour of the method of funnel production just described. For 
there appears to me to be no good reason to account for a sudden 
directional change in an otherwise smoothly coiled tubule, 
other than that the tubule has been damaged at the point at 
which thi s directional change occurs; such damage is more 
than sufficiently accounted for by the detaching of the entire tip. 

The typical appearance presented in section by a newly 
formed funnel and its attendant funnel-forming tubule is shown 
in the series of sections (figs. 20 to 22) on PI. 81, which are taken 
at about 25 ft intervals from a uniform series. Fig. 20, PL 81, 
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shows the internal opening of the funnel to the blood-vessel; 
fig. 21, PI. 31, shows this funnel running through the eentre of 
a mass of blastema (b.) from whose edge the funnel-forming 
tubule (nst.t) has not yet become entirely separated; fig. 22, 

Text-ftg. 8. 




Series of diagrams illustrating the formation of a later peritoneal 
funnel. B, blastema; FNT, nephrostoblast vesicle; N, funnel; 

NT, funnel-forming tubule; TNT, ciliated tip of funnel-forming 
tubule; V, peripheral blood-vessel; W, ventral wall of meso¬ 
nephros. 

Pl. 31, shows the external opening of the funnel from the 
coelom as well as the apparently double funnel-forming tubule, 
this latter having been cut just behind the tip of the 4 V 
shaped bend. 

Each funnel-forming tubule gives rise to a large number of 
funnels; for obvious reasons it is impossible to say exactly 
how many. It is also, unfortunately, impossible to say for how 
long these tubules continue to exist. They first appear about 
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20 mm. and are both present and extremely active at meta¬ 
morphosis ; beyond this stage it becomes almost impossible to 
traee any individual tubule through a number of sections, and 
though I can quite definitely state that I have found no trace 
of these tubules in a frog about 18 months old, I would not care 
to be held responsible for the statement that they are not then 
present. 

The method of funnel production which has just been 
described is summed up diagrammatically in Text-fig. 8. 8 a 
shows the vesicle of the funnel-forming tubule ( FNT) lying 
in the blastema (B) and already commencing to grow down¬ 
wards towards the lower wall (W) of the kidney, against which 
lies the blood-vessel (F). 8 b shows the ciliated tip (TNT) 
of the tubule (NT), while in 8 o this tip has penetrated the 
blood-vessel and arranged itself parallel to the outer wall. At 
8 d the tip has become detached as a funnel (N), which latter 
is shown in its final condition in 8 e. 

To sum up, then, all that we have learned of the formation of 
the later funnels, we may say that: 

i. There are two methods for the production of such funnels; 

ii. The first set arise one at the end of each string of mal- 
pighian units; 

iii. The second set are produced from tubules modified to 
subserve this function; 

iv. No peritoneal funnel ever opens into a malpighian capsule. 

Discussion. 

It would seem at first sight that the results here published 
differ widely from those of previous writers; but if a more 
thorough comparison be made, it will be found that such new 
facts as have been introduced into this description serve to fill 
some of the more obvious gaps left in former works. Let us, 
then, take each point in the order in which it has been made and 
contrast it with other accounts. 

We come, first of all, to the early units. These develop in a 
manner common to many vertebrates and which has already 
been roughly outlined for R. temporaria in the work of 
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Marshall and Bles; that is to say, cells which represent the 
intermediate mesoderm form an agglomeration which acquires 
tubular form, becomes connected to the archinephric duct, coils 
in a regular manner, and acquires a malpighian glomerulus. 

With relation to the coiling, it is of great interest to compare 
some of my reconstructions with those published by various 
authors for various forms of fish. It will be found that the stage 
figured at L 6 , Text-fig. 1, is common to both fish and Eana ; 
whether any significance can be attached to this point will be 
discussed later. Our account, therefore, of the early units con¬ 
tains only one entirely new point—the method of formation of 
the peritoneal funnels. The remainder of the description only 
serves to give in detail what has already been roughly sketched 
by Marshall and Bles. 

The development of the later malpighian units, however, is 
not clearly analogous to the same process in any other verte¬ 
brate ; but it is, none the less, quite easy to see how this 
development has been evolved. The entire crux of the matter, 
in my opinion, lies in the early separation of the blastema from 
the archinephric duct and the need for great speed in production 
due to the very short larval life. 

We may, I think, take it as axiomatic that a vertebrate 
malpighian unit arises, in some way or another, from the inter¬ 
mediate mesoderm ; when this mesoderm lies closely applied to 
the archinephric duct, the most economical—but at the same 
time the slowest—method of production is that shown by the 
early units. When the intermediate mesoderm, however, has 
become separated from the duct it would entail a great waste of 
time were each unit to send out a connexion to the archinephric 
duct across the whole breadth of the kidney ; hence the early 
specialization of a unit to the function of collecting trunk. 

It is stated (and with a great deal of confirmatory evidence) 
that in Urodeles this trunk is in itself a functional unit from 
which the later units are derived as buds. If this is so, then our 
description merely bears out what has already been frequently 
remarked—the great shortening of developmental processes 
shown by Sana; for if our description has been followed it 
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will be quite obvious that the straight tubule is, as shown by 
the abortive malpighian capsule at its tip, merely a unit which 
becomes modified at an early, instead of at a late, stage of its 
existence. That the malpighian capsules and glomeruli should 
be formed from a separate piece of blastema and not in any way 
from an existing tubule is a modified condition which finds no 
exact parallel in our present accounts of other Amphibia. 

I consider, therefore, that the later units of Eana are 
directly comparable to what has been described as the whole 
history of the mesonephros in Urodeles. How, then, can we 
account for the early units of Eana? It seems a perfectly 
fair assumption that they represent an ancestral condition— 
a condition where a longer larval life had not rendered speed an 
essential factor in production. This theory is rather borne out 
by the great similarity shown in the method of coiling of these 
tubules and of fish kidney tubules. It is a well-known fact that 
all vertebrate kidney tubules show the familiar ‘ S 7 bend 
(Henle’s loop); it is difficult to see why this form should have 
been adopted by so many animals unless we assume it to have 
been the form adopted by the very earliest ancestors of the group. 
Now if we accept the view that one type of bend has been 
retained from what may well be termed a primordial ancestor, we 
should have very little trouble in believing that other regular 
bends, common to the fish and to an early amphibian kidney, 
form evidence of a relationship between the two. 

There is one point arising out of this argument which is a 
little difficult to understand—the apparent absence of this early 
set of units from the Urodelan kidney. The word apparent is 
employed^ since it seems very probable that a thorough re¬ 
investigation of this type may show the early units to be present. 
If this proves to be the case, then the whole evolution of the 
kidney of E. temporaria apparently took place along the 
following lines: 

An ancestral form, with a long larval life and consequently 
no need to produce an adult kidney in the quickest possible 
manner, has given rise, firstly to the Urodelan kidney with its 
fairly rapid method of production (the budding off of later units 
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from a functional early unit); and secondly, the kidney just 
described, in which the period occupied by Urodeles in the forma¬ 
tion of a nephrically functional collecting trunk has been sup¬ 
pressed, and further, in which a method of producing a number of 
malpighian units in quick succession has been evolved. 

So much for the malpighian units ; now let us examine the 
question of the peritoneal funnels. In Urodeles the funnels lead 
from the coelom into a short tubule which opens directly into 
the cavity of a malpighian capsule—that is to say, the coelomic 
fluid is in osmotic connexion with the blood-supply. For some 
reason—the exact reason I leave to the physiologist—R ana has 
found it necessary to have a direct connexion between the 
coelomic fluid and the blood-supply at the earliest possible 
moment. This need has been met by the early units, in which 
those cells which would have formed the tube leading from, the 
funnel to the capsule remain quiescent and the funnel itself is 
therefore forced to open into the blood-supply. Now, not only 
does it appear to be necessary that the funnels should be formed 
as early as possible, but also that they should continue to be 
formed as rapidly as possible ; but the method adopted for the 
early production of malpighian capsules definitely cut down the 
rate at which funnels could be formed, for each malpighian 
capsule takes some time to reach the periphery of the kidney. 
It therefore became impossible for the production of the peri¬ 
toneal funnels and malpighian capsules to remain in any way 
correlated with each other—hence the evolution of the funnel- 
forming tubule which carried the developing funnel directly to 
the point at which it was most required. 

It would be as well to seize this moment to digress slightly 
and to demonstrate that no research is ever altogether new. 
Surprising though it may sound, this funnel-forming tubule was 
observed by Spengel, the earliest of all workers upon the Anuran 
kidney. He started with the assumption that the funnel must 
open into a capsule, but failed to find any proof of this,- he did, 
however, find a single long tubule, internally ciliated at its tip, 
which he thought that he had succeeded in tracing into the 
collecting trunk. This error on his part is the more easy to 
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understand when we remember that both the collecting trunk 
and the funn el-forming tubule end blindly in the upper blas¬ 
tema mass ; it obviously requires only a very slight mistake to 
connect two tubules whose blind ends are separated at the most 
by a millim etre of irregular tissue. 

So far we have offered no explanation as to the method by 
which these funnel-forming tubules might have been evolved ; 
for our suggestions let us turn once more to the Urodeles. 
Fiirbringer, Hoffmann, and Farrington have all recorded that 
both the funnels and the connexion of the funnels to the cap¬ 
sules split in Urodeles so that two funnels may lead into a single 
capsule. If we postulate that this splitting process slowly 
receded farther and farther along the length of the unit, we 
obtain a condition in which the funnel and malpighian capsule 
form the two short arms of a * Y ’; this condition would be the 
less easy to visualize were it not described by Hall as a stage 
in the development of a unit of Eana sylvatica. From 
this stage to a * Y ! —one of whose arms bears a developing 
malpighian capsule and the other a developing funnel—is but 
a short step, and from this to the condition inB. temporaria 
in which the two arms of the ‘ Y ’ develop entirely independently 
of each other, a still shorter step. I do not, of course, suggest 
that the funnel ever opened into the unit behind the malpighian 
capsule—but I do suggest that the funnel-forming tubule may 
have done so. 

There is one further point in the earlier literature which bears 
out both the existence and the function of these funnel-forming 
tubules ; this point is that Fiirbringer, Spengel, and Farrington 
have all commented upon the extraordinary manner in which 
the peritoneal funnels of the adult are grouped along the course 
of the blood-vessels. This ceases to be extraordinary when we 
remember that this is the very course followed by the funnel- 
forming tubule. 

I trust, therefore, that I have succeeded in showing what 
I stated at the beginning of this discussion would be shown— 
that however extraordinary the course of the development of 
the mesonephros of B. temporaria may appear, it is 
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possible to show both how such a course of development may 
have been derived from an earlier form and to find corroborative 
evidence for it in the accounts of other workers. 

In conclusion, I would like to record my great gratitude to 
Professor E. W. MacBride, E.R.S., who not only suggested that 
I should work upon this subject, but has also given me the greatest 
help and encouragement throughout the whole course of the 
research. Mr. H. R. Hewer, M.Sc., has also provided me with 
many helpful suggestions and has freely given me his assistance 
with the technical problems encountered. 

I would also like to express my appreciation of the many 
constructive criticisms which have been offered by my friends 
and colleagues in the Zoological Research Laboratory of the 
Imperial College of Science, amongst whom Mr. H. K. Mookerjee 
and Miss D. E. Sladden have been especially helpful; indeed, 
it is to her skill in the rearing of animals under artificial condi¬ 
tions that I am indebted for the greater part of my material. 

My friend Miss Kitty Edridge also afforded me considerable 
assistance in the somewhat tedious work of transferring the 
reconstruction in Text-fig. 1 from squared paper to its present 
form. 


Summary. 

1. The entire mesonephros of R. temporaria is derived 
from the mesonephric blastema, a mass of cells originally 
occupying a position along the dorso-medial wall of the archi- 
nephrie duct and later along the dorso-medial angle of the 
kidney. 

2. The mesonephros arises as two perfectly distinct sets of 
units which are termed the ‘ early units ’ and the ‘ later 
units 

3. The early malpighian units are derived as from small 
spherical condensations (termed ‘ nephroblast vesicles ’) in the 
blastema. 

4. Each of these nephroblast vesicles elongates into a tubule 
which forms a connexion with the archinephric duct at one end 
and develops a malpighian capsule at the other. 
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5. These early units later sever their connexion "with the 
archinephric duct and degenerate. 

6. The early peritoneal funnels are derived from masses of 
blastema lying between the early malpighian capsules and the 
periphery of the mesonephros. 

7. The lumina of these funnels never form any connexion 
with the l umin a, of the malpighian capsules, but form a direct 
connexion between the coelom and the blood-system. 

8. The growth and coiling of the early units forces the archi¬ 
nephric duct away from the blastema into the dorso-lateral 
angle of the kidney. 

9. During the course of this separation a special set of con¬ 
densations arise. 

10. These condensations elongate into straight tubules which 
maintain a connexion between the archinephric duct (into 
which they open) and the blastema. 

11. That end of th'e straight tubule which lies in the blastema 
develops an abortive malpighian capsule at its tip. 

12. The later malpighian units arise as condensations 
(‘ capsuloblast vesicles ’) in the blastema when this latter has 
become separated from the archinephric duct. 

13. The capsuloblast vesicles are not formed singly but in 
vertically hanging strings; this is due to the fact that as each 
vesicle develops it is pushed downwards by the growth of the 
blastema above it, while a further vesicle condenses in the clear 
patch of blastema so left. 

14. The capsuloblast vesicle differentiates into capsule 
and glomerulus, from the former of which a tubule grows 
out. 

15. This tubule forms a connexion with a bud which has 
grown out from one of the straight tubules. 

16. When the most ventral capsule of each string approaches 
the peritoneal wall of the kidney, it is seen to be separated from 
the latter by a small mass of blastema. 

17. This mass of blastema develops into a peritoneal funnel 
exactly as do the blastema masses lying between the early 
malpighian capsules and the peritoneum. 
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18. A further set of condensations (the vesicles of the ‘ funnel¬ 
forming tubule ’) now arise in the blastema. 

19. Each of these vesicles elongates into a tubule which runs 
down towards the peritoneal wall of the kidney. 

20. The tubule so formed becomes internally ciliated along 
the lower third of its length. 

21. The tip of one of these tubules enters one of the peripheral 
blood-vessels and places itself parallel to the outer wall of the 
mesonephros. 

22. The whole tip of the tubule now breaks off and, by acquir¬ 
ing a connexion with the coelom, becomes a perfect peritoneal 
funnel. 

23. It is suggested that the ‘early units’ represent an ances¬ 
tral mesonephros and that the later units are homologous with 
the whole of the Urodelan mesonephros as it is at present known. 

Glossary op New Terms. 

In view of the fact that several new terms have been coined 
to describe structures whose existence or function has hitherto 
been unknown, it has been thought as well to include a glossary 
of these new terms. 

Capsuloblast vesicle.—A condensation in the blastema 
which gives rise to a later malpighian capsule and glomerulus. 

Nephroblast vesicle.—A condensation in the blastema 
which gives rise to an entire early malpighian unit. 

Eunnel-formingtubule.—A tubule whose sole function 
is the production of later peritoneal funnels. 

Straight tubule.—Employed as synonymous with, but 
more descriptive than, the earlier term ‘ collecting trunk \ 
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EXPLANATION OF PLATES 27-31. 

List op Common Abbreviations. 

a.d., archinephric duct; a.m.c., abortive malpighian capsule; 6., 
blastema; b.m., point of separation of funnel from funnel-forming tubule; 
b.v., blood-vessel; cp.v., capsuloblast vesicle; d.m.c. 9 degenerating mal¬ 
pighian capsule; rudiment of malpighian tubule; f.n. 9 rudiment of 
peritoneal funnel; f.st., rudiment of straight tubule; Ln., opening of 
peritoneal funnel to blood-vessel; Jc., malpighian tubule; m., myotome; 
mx, 9 malpighian capsule; n., peritoneal funnel; nst.t., funnel-forming 
tubule; nst.i vesicular rudiment of funnel-forming tubule; o.n ., opening 
of peritoneal funnel from coelom; o.st., outgrowth from straight tubule; 
r.p.t., retro-peritoneal connective tissue; st., straight tubule. 

Plate 27. 

Figs. 1 to 6.—Transverse sections across the nephric region of a 17 mm. 
tadpole, in the regions indicated in Text-fig. 1. 

Plate 28. 

Figs. 7 and 8.—Microphotographs of sections of the mesonephros of 
a 20 mm. tadpole. 

Fig. 7. Transverse section. 

Fig. 8. Obliquely parasagittal section. 
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Plate 29. 1 

Fig. 9.—Reconstruction of typical units from the mesonephros of a 
20 mm. tadpole. 

Black, main outline of mesonephros; red, peripheral blood-system; 
blue, archinephric duct and straight tubule; yellow, malpighian capsule 
and its attendant tubule; green, peritoneal funnel and funnel-forming 
tubule. 

Plate 30. 

Figs. 10 to 14.—Sections to illustrate the development of the capsulo- 
blast vesicles. 

Figs. 10 and 12.—T.S. mesonephros of newly metamorphosed frog. 

Figs. 11,13, and 14.—T.S. mesonephros of a 20 mm. tadpole. 

Plate 31. 

Figs. 15 to 22.—Sections illustrating the development of the straight 
tubule and of the later peritoneal funnels. 

Fig. 15.—T.S. mesonephros of a 24 mm. tadpole. 

Figs. 16-19.—T.S. mesonephros of a 30 mm. tadpole. 

Figs. 20-2.—T.S. mesonephros of a 20 mm. tadpole. These three sections 
are taken at 25/* intervals from a regular series. 

Unless otherwise stated, all figures are from camera lucida drawings. 
For explanation of exact stage denoted by tadpole length, see table 
on p. 511. 
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Introduction. 

Mes recherches sur la sexualite chez les Myxosporidies m’ont 
conduit a decrire les phenomenes reductionnels chez ces 
Sporozoaires. 

L’etude de la gametogenese me revela, d’autre part, l’existence 
de plusieurs types d’anisogamie qui semblaient determines par 
le moment, precis ou la sexualisation des elements ger min aux 
devenait observable. Cette sexualisation peut, en effet, se 
produire tardivement, apres les phenomenes reductionnels (cas 
de Myxidium incurvatum Thelohan), ou au contraire 
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apparaitre d4j& avant la reduction chromatique (cas de 
Sphaeromyxa). Dans un autre type intermediate (Myxo- 
bolus guyenoti Naville) on s’aperpoit que c’est au cours de 
la deuxieme cinese reductionnelle que la ‘polarity sexuelle’ 
du Cyte II se manifeste par une plasmotomie h6teropolaire. 

Je desirais etudier en detail les phenomenes reductionnels 
chez une Actinomyxidie, et verifier si, comme jele pensais, la 
sexualisation apparaissait chez ces animaux d6jA au moment 
des ‘ cineses goniales ’. Cette sexualisation tres precoce m’ap- 
paraissait comme un mode de sexualit4 transitoire conduisant 
a la dioecie. 

J’ai eu la chance de trouver cet ete des Actinomyxidies d’un 
genre nouveau: Guyenotia sphaerulosa, en tres grande 
abondance. Depuis plusieurs annees deja je cherchais des 
Actinomyxidies, mais sans succes. Je suis particulierement 
heureux de pouvoir d4dier cette nouvelle forme a Monsieur le 
Professeur E. Guyenot. 

Position SYSTiiMATiQUE de la forme etudiee. 

A la fin de son excellente etude sur les Actinomyxidies 
Granata a dresse un tableau systematique des genres et des 
especes connus jusqu’4, ce jour. Cet auteur divise les Actino¬ 
myxidies en deux families: 

1°LesHaploactinomyxidae dontleseulgenre Tetractino- 
myxon Ikeda est caracterise par la structure sporale: In¬ 
volucre sporal form4 d’une 4pispore tricellulaire et d’une endo- 
spore monocellulaire. Chaque spore ne contient qu’une seule 
cellule propagative binucleee. L’espece d4crite par Ikeda 
(Tetractinomyxon intermedium) est parasite d’un 
Sipunculien, le Petalostoma minutum Kef. 

2° Les Euactinomyxidae qui pr6sentent un involucre sporal 
forme de trois cellules valvaires, pouvant, dans certains genres, 
former des expansions ou appendices caracteristiques des genres. 
La masse germinale de la spore est multinucleee et se r6sout en 
cellules propagatives mononucl64es. Cette f amill e comporte 
jusqu’k ce jour cinq genres que Granata caract4rise & l’aide 
de la clef suivante: 
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I. Cellules de la paroi sporale (cellules valvaires) tendant 4 
former une simple enveloppe membraneuse sans prolonge¬ 
ments. 

Genre Sp'haeractinomyxon Caull. et Mesn. 

II- Cellules de la paroi sporale (cellules valvaires) presentant 
des prolongements : 

A. Chaque spore presente trois prolongements aliformes : 

(a) Spore en forme d’ancre 4 trois bras. 

Genre Triactinomyxon Stoic. 

(b) Spore en forme d’ancre a six bras. 

Genre Hexactinomyxon Stoic. 

B. Deux prolongements aliformes allonges et un appen- 
dice beaucoup plus court. 

Genre Synactinomyxon Stoic. 

III. Cellules de la paroi sporale (cellules valvaires) globuleuses, 
formant trois petits appendices sphaeroide. 

Genre Neactinomyxon Granata. 

Comme on le voit, par ce tableau, les genres actuels d’Actino- 
myxidies sont extremement faciles 4 caraeteriser et la syste- 
matique de ce groupe presente, de ce fait, peu de difficultes. 

La forme d’Actinomyxidie dont l’etude fait l’objet de ce 
memoire ne rentre dans aucun des genres decrits jusqu’4 ce jour. 
Je Fai rencontr6e en Aout 1929 chez des Tubifex tubifex 
Mull, recueillis 4 Luc-sur-Mer (Calvados) dans un petit ruisseau 
4 fond vaseux. Cette nouvelle forme est parasite de Fepithelium 
intestinal de FOligochete qu’il envahit parfois completement. 
Les spores, au nombre de huit dans chaque pansporocyste, sont 
globuleuses, presque sph&iques, mesurant 15 ft de diametre. 
Leur extremite anterieure montre, vue de face, trois lignes 
suturales qui convergent au p61e anterieur et forment entre elles 
un angle d’environ 120°. Le p&le anterieur porte trois capsules 
polaires pyriformes, presque spheriques, de 6/x de long sur 5 ft de 
large. Chaque capsule polaire vient deboucher isolement sur 
une des lignes suturales a 2 1/2 ft, du p61e anterieur de la spore, 
point de jonction des trois sutures. A la partie posterieure de la 
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spore, on observe trois grands appendices digitiformes contenant, 
an nivean de leur tiers post&rieur, un noyau chacun. Ces trois 
appendices sont egaux, ce qui permet de distinguer facilement 
la spore de oette forme nouvelle des spores du genre Synacti- 
nomyxon de Stoic. 

Je propose pour cette nouvelle forme le nom de Guyenotia 
sphaerulosa que j’ai le plaisir de d6dier a Monsieur le Pro- 
fesseur E. Guyenot en temoignage d’affection et d’estime. 

Le tableau dichotomique de Granata pourra done 5tre com¬ 
plete par l’introduction du genre Guyenotia en IIA (c). 

Diagnose de Guyenotia sphaerulosa. g. et sp. nov. 

Spores groupees par huit dans un pansporocyste a. quatre 
noyaux. Spore sphaeroldale presentant trois lignes suturales 
k 120°, trois capsules polaires debouchant sur chacune des trois 
lignes suturales a une petite distance de l’apex de la spore. La 
spore porte trois appendices digitiformes nuclees egaux et plus 
longs que le diametre de la spore. Sporoplasme multinuclee 
a trente-deux noyaux. Diametre de la spore: 15 fi. Longueur 
des appendices d’une spore mure: 40 /*. 

Parasite de lApithllium intestinal de Tubifex tubifex 
MixU.; habitat: Luc-sur-Mer (Calvados). 

Cette espece parasite les cellules de 1’epithelium intestinal 
de l’Oligochete, ou se produit d’ailleurs tout le developpement. 
II arrive parfois que les parasites envahissent non seulement la 
sous-muqueuse, mais encore le tissu chloragogene et meme le 
coelome. Mais ce cas est exceptionnel. H semble du a un 
parasitisme trop intensif et conduit presque toujours k des 
pansporocystes d4gen4r4s. 

Technique. 

Les Tubifex tubifex provenant de Lue-dur-Mer, 1 et que 
j’ai pu avoir en tres grande abondanee, se sont montrds tr4s 
fortement parasites. Un exemplaire sur deux ou trois presentait 

1 Je tiens k remeroier iei Monsieur le Professeur L. Meroier, qui, grace 
k s& si gentille hospitality, m’a perznis de trouver ce materiel; et Madame 
Le Boux qui a eu l’obligeaace de m’expedier, par deux fois, des Tubifex 
de Lue-sur-mer. 
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one forte infection. H m’a done dtd tres facile d’obtenir un 
materiel abondant. Apres avoir utilise les fixateurs les plus 
divers, tels que le liquide de Schaudinn, le sublime aedtique, le 
melange de Zenker, le liquide de Bouin sublime, le liquide de 
Bouin mo difid par Hollande, le melange alcoolique de Duboscq 
et Brasil, le liquide de Flemming, le melange de Champy ainsi 
que le liquide de Begaud IV suivi d’une post-chromisation, je 
me suis arrete aux deux melanges qui m’ont incontestablemeht 
donnd les meilleurs rdsultats. Ces deux fixateurs sont: le liquide 
de Duboscq et Brasil et le melange de Bouin-Hollande. Les 
pieces fixees par ce dernier precede sont ensuite lavdes au liquide 
de Bouin pour dliminer l’acdtate de cuivre, puis transportdes 
dans l’alcool a 50° puis a 70°. 

Pour l’emparaffinage j’ai utilisd les proeddds babituels, en 
passant par l’essence de girofle (24 heures), puis par un bain de 
quelques min utes dans le Xylol. Les coupes faites presque 
toutes a 8/x d’epaisseur ou plus, ont dtd colordes a l’hdmatoxyline 
de Heidenhain, suivant le precede usuel. Cependant quelques 
unes d’entre elles ont dtd differencides non pas 4 l’alun de fer, 
mais a l’alcool acide. Ce precede permet d’obtenir une diffdren- 
ciation plus dgale qui est prdcieuse pour l’examen des spores et 
pour les demieres phases de revolution sporale. J’ai dgalement 
dtudid l’dvolution de la spore sur frottis humides colords au 
Giemsa. 

Toub les dessins ont dtd exdcutds la Chambre claire, en 
utilisant un objectif 4 immersion de l/12eme de Leitz et un 
oculaire pdriplan x 25 de la mdme marque. 

PKEMiiiBBS Phases du D^veloppement du Spobozoite 

JUSQU’l LA CONSTITUTION D’UN CYSTS A DEUX CELLULES 

INTEBNES. 

Lorsqu’une spore d’Actinomyxidie est mure, elle contient, 
k l’intdrieur de l’endospore, un nombre variable de sporozoites. 
Le nombre de ces sporozoites semble constant pour chaque 
espece. Suivant les espdees considdrdes, les sporozoites — qui 
represented exactement le germe ou sporoplasme des autres 
Ndosporidies — possedent un ou deux noyaux. Ce sont ces 
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petits corpusoules qui constituent l’eldment propagateur du 
parasite. Involution de ces sporozoites conduit 4 la formation 
de petits kystes k l’interieur desquels se forment huit spores. 
Les tout premiers stades de Involution du sporozoite, k l’in- 
tdrieur des tissus de 1’hdte, prdsentent une certaine difficultd 
d’observation et divers points, relatifs k cette premiere pdriode 
de involution du parasite, sont encore restds dans l’ombre. 

’Chez le Tetractinomyxon intermedium, Ikeda 
montre que le sporozoite unique de la spore est toujours binucled. 
Dans .les tissus de 1’hote il se rencontre egalement toujours sous 
la forme d’un petit Element binuclee dont les deux noyaux sont 
intimement accoles. Le sporozoite possede done toujours deux 
noyaux, puis forme un groupe de quatre elements. 

Chez Sphaeractinomyxon stolci, Caullery et Mesnil 
ont montre que la spore contient un grand nombre d’dlements 
mononucleds. Au debut de l’infection, ces auteurs observent 
de nombreuses formes binucleees. L’origine de ces formes 
binucleees reste incertaine. Caullery et Mesnil tiennent pour 
vradsemblable que la forme binucldee provient de la plasmogamie 
de deux sporozoites mononuclees. Ils considerent cependant 
l’hypothese inverse comme possible: soit la division du noyau 
du sporozoite, formant ainsi un corps binuclee. 

Chez Sphaeractinomyxon gigas, Granata observe, 
dans le tissu chloragogene, des accumulations gregaires de cor- 
puseules binucldes. H est, par suite, conduit k admettre l’exis- 
tence d’une multiplication agame des Elements binucleds. Cette 
hypothese semble confirmee par le fait que Granata observe 
assez frdquemment chez le Triactinomyxon gigas de 
jeunes kystes jumeaux qui resulteraient de la scissiparitd 
d’elements binucldes. Granata pense done que l’etat binucled 
prdcdde l’dtat mononucleA 

L6ger, dtudiant les premieres phases du Triactinomyxon, 
fut conduit 4 admettre T existence d’une copulation de deux 
sporozoites, dont les noyaux, tout d’abord independents, 
finissent par fusionner. Enfin, Mackinnon et Adam, qui ont 
examind en ddtadlle cycle de trbis especes de Triactino¬ 
myxon, montrent que la plasmogamie de deux sporozoites 
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forment un corps binuclee, origine du groupe de quatre cellules, 
pour autant que les corps binuclees ne sont pas observables 
dej& a Pint&ieur de la spore (Triactinomyxon 16geri). 

Mes observations personnelles concernant les premieres phases 
du developpement de Guy^notia sphaerulosa me con* 
duisent k des conclusions analogues a celles de Mackinnon et 
Adam. Ayant examine avec soin un tres grand materiel de 
coupes, je n’ai jamais rencontre de sporozoites isoles, ni de 
formes mononucle6es. II est done vraisemblable que Tapparie- 
ment des sporozoites se fait imm^diatement, des l’eclosion de la 
spore. D’autre part, les elements binuclees de taille variable 
etaientparioissiabondants chezcertainsindividusde Tubifex 
que les phenomenes de cytodierese, aboutissant k la formation 
de corps mononuclees, n’auraient guere pu m’echapper. Je crois 
done que Interpretation de Mackinnon et Adam s’applique 
tres exactement au cycle de Guyenotia sphaerulosa. 

Les corps binuclees les plus petits observes ne depassent 
guere 4/z. sur 5^, les noyaux presentent un diametre de 2/*. La 
figure 1 (PL 82) montre que les noyaux sont intimement press6s 
les uns contre les autres. Leur zone de contact se montre 
particulierement siderophile et forme une sorte de barre trans- 
versale noiratre, dans les preparations eolorees a Thematoxyline. 
Oes corps binuclees s’accroissent sensiblement jusqu’&» atteindre 
une taille de 9 k 10/x de longueur. Les noyaux sont toujours au 
contact Tun de l’autre, mais leur accolement est moins intime 
(fig. 2, 3, et 4, Pl. 32). CTest a, ce moment que les noyaux entrent 
en prophase cin6tique et laissent apercevoir un fort spireme 
(fig. 5, PL 32). L’apparition des ph4nomenes mitotiques n’est 
d’ailleurs pas toujours synchrone dans les deux noyaux du 
corps binuclee et il arrive parfois qu’une des deux cineses est 
dejJb completement achevee alors que le noyau retardataire 
montre les premiers aspects prophasiques (fig. 6, PL 32). 
Lorsque les deux cin&ses sont achevees, on observe alors un 
corps k quatre noyaux (fig. 7, PL 32), dont deux sont sensible¬ 
ment plus petits. C’est a ce moment seulement que la plasmo- 
tomie se manifesto et il se forme deux grandes cellules centrales 
entourees par deux cellules parietales qui enveloppent les 
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premieres. Les cellules parietales formeront les elements de la 
paroi du pansporoeyste (fig. 8, PI. 82). Les noyaux des cellules 
parietales ne tarderont pas a se diviser (fig. 9, PI. 82). La paroi 
du pansporoeyste comprendra alors quatre noyaux qui ne se 
diviseront plus. 

Comme on le voit, les premieres phases du developpement de 
Guyenotia sphaerulosa sont tout & fait conformes au 
schema classique. La plasmotomie est cependant plus tardive 
quechezle Sphaeractinomyxon gigas deGranata. Mes 
observations eoncemant cette premiere periode du cycle evolutif 
de Guyenotia sont tout a fait superposables auxfaits decrits 
par Mackinnon et Adam. 

Durant toute cette premiere periode du cycle, on observe 
frequemment des cineses; malheureusement, le tassement de 
la substance chromatique est tel qu’elles ne se preteht pas a des 
numerations chromosomiques certaines. II semble cependant 
certain qu’elles sont toutes du type diploi'de. 

Evolution des Cellules internes : GAMiiTOOENiiSE. 

Les divisions successives des deux cellules internes de chaque 
pansporoeyste aboutissent a la formation de seize elements 
gametiques. De ces seize elements, huit sont plus gros et 
constituent les macrogametes, tandis que les huit autres, de 
taille plus restreinte, sont les microgametes. Caullery et Mesnil, 
dans leur excellent travail sur Sphaeractinomyxon 
stolci, ont d6crit tres exactement toutes les phases de ce 
developpement. Par la suite, Granata, puis Mackinnon et 
Adam n’ont pu que verifier leurs observations dans des genres 
voisins. Au cours de la formation des gametes, on pent observer 
six phases successives dans revolution de la lign6e germinative, 
phases qui sont dues au fait que les elements de la lignee male 
et de la lignee femelle ne se divisent jamais en mfime temps ; 
les elements femelles manifestent durant toute la gametogenese 
un retard tres marque, une inertie cinetique, par rapport & ceux 
de la lignee mfile. Cette difference dans la rapidite des divisions 
successives des elements cellulaires s’explique fort bien, si l’on 



GUYilNOTIA SPHAEBULOSA 


555 


pense que les elements de la lignee male restent sensiblement 
plus petits que ceux de la lignee femelle qui ne cessent de 
s’aecroitre. 

D’apr&s Caullery et Mesnil, puis Granata, des deux cellules 
internes du jeune pansporocyste, l’une d’entre elles se divise 
d’abord (cellule a), tandis que sa conjointe ne se divise que plus 
tard (cellule jS). H en-result e la formation d’un groupe de trois 
cellules : oq, oq, j8. 

La cellule (element gonial femelle) se divisant a son tour, on 
observe alors quatre elements: cq, cq,^, |S 2 . 

Les cellules <q et cq se divisant toutes deux, on obtient alors 
six elements en tout • cq-^, cq 2 , Q22, et 

La division suivante se produisant toujours dans la lignee 
mile, on observe alors dix elements: a m , a 112 , a 121 , a 122 , a 2 n> 

a 212; a 221> a 822> A> A- 

Les cellules de la lignee femelle A et/J 2 , sortant de leur inertie 
cinetique, forment alors quatre elements, ce qui porte le nombre 
total a douze: oq u , cq^, cq 21 , <q 22 , “211, <*2121 a 22i> a 222> Piv J®2i> /W 

Enfin, les quatre elements j3 se divisant encore une fois, on 
observe alors seize elements gametiques: a lu , a 112 , a 121 , a 122 , 
*a 2U , a 212 , cq^, a 222 , fi nl , /? m > /? m , ^ 122 , An> /J 2 is> ^ 221 , ^ 222 . 

Ces donnees ont ete tres bien etablies par les cinq auteurs 
precites et mes observations personnelles n’ont pu que les 
confirmer. 

Au cours des recberches qui ont ete faites sur la gametogenese 
des Actinomyxidies, aucun auteur n’a etudie les figures cine- 
tiques au point de vue chromosomique. Cette lacune est 
d’autant plus regrettable que l’ltude chromosomique est la clef 
des phenomenes rlductionnels si necessaires pour la compre¬ 
hension du cycle mime des Neosporidies. Mes recherches, ayant 
pour objet principal l’etude des phenomenes reductionnels, c’est 
I l’examen des cineses durant cette partie du cycle que je me 
suis principalement interesse. H y a six edosions cinltiques 
successives jusqu’l la formation des gametes. Je ddcrirai done, 
avec quelques details, ces six periodes cinetiques de la gamlto- 
genfcse. La figure schematique I fera facilement comprendre 
la succession des divisions cellulaires. 
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Premiere cinfise. 

Le pansporocyste etant constitue (et presentant quatre 
cellules de la paroi et deux cellules internes), l’une de celles-ci, 
initiale de la lignee germinale male, entre en cinese. Le spireme 
se decompose en elements chromatiques qui, au moment de la 
dissolution de la membrane nucleaire, se trouvent dejii au nombre 
de huit (fig. 11, PI. 82). Ceci nous montre que, comme on 
1’observe d’ailleurs, le spireme est en realite un dispireme et 
chaque chromosome est, a, ce moment, divisfi en deux filfiments. 
La fig. 11 montre deux groupes de quatre chromosomes, qui 
gagneront chacun des deux pfiles cellulaires lorsque la figure 
ast6rienne fera son apparition. La fig. 18 (PL 82) montre 
l’achevement de cette premiere division et la prophase de la 
division suivante. Le pansporocyste contient alors trois Elements 
de quatre chromosomes chacun, soit le nombre diploide. On 
peut done considerer cette premiere cinese, qui donne naissance 
aux Elements et a x et a 2 , comme une cinese gpniale de la 
lignee mdle. 

Deuxieme cinese. 

La premiere cinese n’est point encore achevee et les deux 
dements et ne sont point encore au repos que le noyau de 
la cellule conjointe j8, origine de la lignee germinale femelle, 
entre figalement en prophase. Les processus cinetiques repro- 
duisent exactement les principales phases observees au cours 
de la premiere cin&se (lignfie male). Sitfit la membrane nuclfiaire 
dissoute et le dispireme rompu, les huit Elements chromatiques 
apparaissent trfis nettement (fig. 18, PI. 82). Ha se rfipartiront, 
par la suite, en deux groupes de quatre filfiments chacun et 
gagneront ainsi les deux pfiles cinetiques, lorsque la figure 
achromatique et les deux centres seront apparus. 

La fig. 14 (PL 82) nous montre cette migration polaire. 
Bile indique, en outre, qu’apres la phase de condensation tfilo- 
phasique des deuxnoyauxaj eta 2 , survient une pfiriode de courte 
duree, pendant laquelle les chromosomes—tout d’abord forte- 
ment comprimfis aux deux pfiles cinetiques et, de ce fait, indis- 
cemables — reapparaissent au nombre de quatre, immediate- 
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ment avant la pdriode de repos des noyaux. Cette seoonde 
mfese de la lignee femelle dome naissanoe aux 616ments & et 
j 8 2 . Le pansporoeyste contient alors quatre cellules internes et 
deux (fig. 10, PI. 82) ou quatre cellules de la paroi 1 (fig. 12, 
PI. 32). 

Cetteseconde cin&se correspond done & une cin&se goniale 
de la lignee femelle. Le noyau se montre k l’etat diploide 
et les 6fements qui naissent ainsi sont chacun pourvus de quatre 
chromosomes. Jusqu’ici done le parallelisme est complet entre 
Involution de la lignee male et de la lign6e femelle. Seul le 
retard manifests chez cette demiere permet de distinguer les 
deux sexes. Les quatre cellules des pansporocystes presentent 
une taille presque identique et il est souvent difficile de distinguer 
les elements males des Elements femelles. Chez d’autres especes, 
tellesquele Triactinomyxon legeri, d’apres Mackinnon 
et Adam, cette difference de taille est nettement plus marquee. 
Ce n’est que plus tard que la difference de taille des elements 
s’accentuera. 

Troisi^me cinese. 

La troisieme cin&se, comme le montre le sch6ma (voir fig. 1), 
interesse de nouveau les Elements de la lignee male. Elle se 
produit apr&s une assez longue periods de repos, durant laquelle 
le pansporoeyste ne prfeente que quatre cellules internes. 
L’abondance des elements a quatre cellules nous indique 
clairement que cette periode doit etre de quelque duree. Les 
deux * gonies ’ de la lignee male a v et a 2 se transforment alors 
en vSritables cytes de premier ordre. La figure dia- 
kinetique montre l’apparition de quatre chromosomes, mais je 
n’ai pu, dans aucun cas, preciser (dans la lignee male tout au 
moins, ofi la succession des diverses phases semble plus pr6ei- 
pit6e) s’il exists un groupement par paires (diplotenie). Ces 
chromosomes, sitot la membrane nucleaire disparue, se mettent 

1 La cindse qui divise les deux elements primitifs de la paroi du pan- 
sporocyste, peut se produire plus ou moins tdt. C’est la raison pour laquelle 
on rencontre parfois des pansporocystes k quatre cellules internes, mais ne 
possedant encore que deux cellules de la paroi. 
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au fuseau et forment, en vue polaire, de petits groupements de 
quatre chromosomes, tout 4 fait semblables a ceux que l’on 
observe sur la fig. 14 (Pl. 82) , 1 Le nucleole gagne habituelle- 
ment un des poles de la cinese, ou bien se trouve provisoirement 
rejete dans le cytoplasms. Les chromosomes ne se divisent pas, 
mais deux d’entre eux sont attires vers 1’un des p61es, alors 
que les deux autres ainsi que le nucleole gagnent le centre 
cinetique oppose. La fig. 18 (PI. 82) montre une anaphase de 
cette troisieme cinese. Comme l’indiquent les deux cellules de 
droite de la fig. 14, on remarque que la garniture chromosomique 
a l’etat diploide (quatre chromosomes) contient deux elements 
plus grands que les deux autres. Ces deux grands 61ements sont 
frequemment arques, tandis que les deux autres sont en baton- 
nets. L’anaphase de la troisieme cinese, represents a la fig. 18 
(PI. 32), montre que les deux constituants de la grande paire de 
chromosomes gagnent chacun l’un des pfiles de la cin&se, de 
meme que les constituants de la petite paire. 

Cette troisieme cinese de la lignee mile donne naissance aux 
cellules « u , a 12 , a 21 , a 22 . Avec les deux cellules j8 x et /? 2 de la lignee 
femelle, on compte en tout six elements. La division que l’on 
observe durant cette periode est done une division reduc- 
tionnelle et heterotypique, qui ramene le nombre des 
chromosomes de chaque noyau de quatre (nombre diploide) 
a deux (nombre haploide). Apres la cinese goniale (premiere 
cinese), les cellules a x et a% passent h. lAtat de cyte I, et les 
elements au, a^, a^, a 22 correspondent alors aux cytes II. 

Je n’ai pu d6terminer s’il existe des phases pr6m6iotiques. 
Le noyau, 4. l’approche de la cinese, subit une sorte de tassement 
chromatique que Ton retrouve d’ailleurs tres fr6quemment dans 
les noyaux qui viennent de se diviser, ou qui, au contraire, vont 

1 Je n’ai pas pu decider si les deux noyaux de droite de la fig. 14 repre- 
sentent des 4tats post-t41ophasiques de la premiere ein&se (cellules eq et 
a a ) on des 4tats prophasiques (diakinfese) de la troisieme ciuSse (cellules 
Pi et jSj). Cette seconde hypothfcse me semble cytologiquement plus vraisem- 
blable. D’autres figures de prophases r4ductionnelles sont identiques. II 
faudrait, dans ce cas, admettre qu’il peut se produire accidentellement une 
aec414ration du developpement et que la phase & quatre cellules quiescentes 
est alors inohservahle. 
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entrer en cinese (voir figs. 16, 20, et 21 de la PI. 82). H en 
results qu’un phenom<kie de synapsis pent passer inaper?u, 
etant donne sa grande analogie avec certains etats post on 
prdcinetiques. 

Quatrieme cin4se. 

Si nous nous reportons au schema de la fig. 1, nous voyons que 
la demise division de la lignee male (Elements a n> a l2 , a^, a^) 
se produit avant le declenchement de la cinese reductionnelle 
de la lignee femelle. Les phenomenes prophasiques apparaissent 
done dans les quatre cytes II de la lignee male lorsque le pan- 
sporocyste presente six elements. 

On voit apparaitre, alors, tout de suite apres la dissolution de 
la membrane nucleaire, deux petits elements chromatiques 
(fig. 22, PI. 88), disposes c6te 4 c6te au centre de la cellule dans 
une aire cytoplasmique plus claire. Lorsque la figure asterienne 
est apparue, ces Elements se divisent et chaque chromosome 
fils gagne l’un des pfiles. Ces figures montrant deux chromo¬ 
somes 4 chaque extremite du fuseau sont extremement fre- 
quentes, et une observation des coupes, meme superficielle, per- 
met 4 coup sur d’en rencontrer. Elies sont identiques aux figures 
anaphasiques de la premiere cinese reductionnelle, telle qu’on 
peut l’observer dans la fig. 18. 

Cette demiere division, qui se montre homeotypique, 
aboutit 4 la formation des huit elements gametiques 
males. 

L’evolution de la lignee germinale m41e est achev6e et la 
multiplication des cellules germinatives femelles commence 
seulement. 

Cinquieme cin4se. 

De meme que la troisieme cinese du pansporocyste est la 
cinese reductionnelle de la lignee m41e, la cinquieme cinese 
eonstitue la division h6terotypique de la lignee femelle. Cette 
phase fait passer du pansporocyste 4 dix cellules au pansporo¬ 
cyste 4 douze elements. La fig. 21 (PI. 82) montre les deux 
elements & et j8 a en prophase 4 cdte de huit elements gametiques 
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miles. Mais il arrive parfois que le synchronisme des deux 
cinlses reduetionnelles de la lignle mile n’etant pas respect!, 
la cinq uilme cinese se produise deja avant que les quatre 
elements: a n , a 12 , a 21 , a 22 , soient enticement divises. La fig. 
15 (PI. 82) montre un cas semblable ou l’un des cytes II de la 
lignee mile reste de plus grande taille et n’est point encore 
divise. Cette mime fig. 15 nous montre deux aspects de la 
cinese reductionnelle femelle. En haut de la figure, I droite, 
l’un des deux cytes I est en prophase, montrant quatre chro¬ 
mosomes groupes en deux paires et dont les constituants sont 
presque entierement dissocies. Les deux chromosomes d’une 
mime paire sont cependant encore au contact l’un de l’autre par 
l’une de Ieurs. extremites. Ce detail semble montrer que les 
constituants de chaque paire se trouvaient auparavant accouples 
sur toute leur longueur. Ce seul fait semble indiquer un Itat 
prlmeiotique du noyau. La mime fig. 15 montre, en outre, une 
anaphase tres nette. Chaque pile cinetique ne comporte alors 
que deux chromosomes. 

Le phlnomene rlductionnel ne fait done pas de doute puisque 
1’ltat haploide (deux chromosomes) est ainsi retabli par une 
cinese hltlrotypique. 

Sixilme et dernilre cinlse. 

L’aspect de la seconde cinese reductionnelle, ou division 
homeotypique de la lignee femelle, est comparable I eelui que 
l’on observe au cours de la quatrieme cinlse dans la lignle mile. 
Les lllments cellulaires sont cependant llgerement plus gros. 
On n’observe I la prophase et durant la metaphase que deux 
chromosomes qui ne tardent pas I se diviser. Les figs. 19 et 
20 (PL 82) montrent la migration vers les plies qui reqoivent 
ehacun deux lllments chromatiques. 

A ce moment, les seize cellules gamltiques sont alors eonsti- 
tuees. Aprls une courte phase de repos, les huit lllments miles 
copuleront avec les huit lllments femelles, formant ainsi 
huit zygotes. Cependant, avant que la flcondation ait lieu, ces 
lllments s’accroissent jusqu’l ce que les cellules sexuelles aient 
atteint une eertaine taille. 
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Text-fig. 1. 
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resentant Involution des deux cellules germinales 
t J5) contenues dans le jeune panaporocyste. 


NISME AU COURS DES DIVISIONS DU PANSPOROOYSTB. 

>us l’avons vu & propos des figs. 14 et 15 (PI. 82), 
■fois que la chronologie des diverses phases de la 
porocyste soit 16g&rement alter6e. H pent se pro- 
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duire, par example, que le stade a quatre cellules au repos ne 
soit pas realise, la deuxieme division etant immediatement 
suivie de la troisieme (cas de la fig. 14, Pl. 82). Un cas analogue 
est represente a la fig. 15, ou l’un des quatre cytes II de la lignee 
male ne s’est point encore divise, alors que la cinese reduc- 
tioxmelle de la lignee femelle est en pleine evolution. 

Ges quelques cas, exceptionnels d’ailleurs, n’infirment en rien 
Ies descriptions de Caullery et Mesnil, de Granata et de Mackin- 
non et Adam. 

La Reduction chromatique des Actinomyxidies. 

Caullery et Mesnil, les premiers auteurs qui ont fait connaitre 
avec precision le cycle d’une Actinomyxidie, ne parlent pas 
d’une reduction chromatique des gametes. Ikeda, par contre, 
decrit l’expulsion de granules chromatiques dans les huit 
gametes males, puis dans les huit gametes femelles. Les figures 
qu’il doxme (figs. 15,16, et 17, PI. 10) laissent subsister des doutes 
quant a la nature reductionnelle de ce phenomene. L’expulsion 
de gros granules par des noyaux quiescents semble exclure 
l’idee d’une reduction chromatique vraie. Dans mes coupes, 
j’ai souvent rencontre des pansporocystes de Guyenotia 
presentant nettement des signes de degenerescence, et montraht, 
a cdte d’une masse nucleaire sombre et granuleuse, un ou 
plusieurs gros granules chromatoides, sans doute expulses du 
noyau dans le cytoplasms. II est a remarquer que, dans ce cas, 
les pansporocystes se trouvaient presque toujours dans une 
position anormale, le plus souvent repousses contre le chorion 
ou meme dans le tissu chloragogene. II s’agit certainement de 
formes d6g6n6ratives dont je n’ai des l’abord tenu aucun compte 
pour l’etablissement du cycle dela Guyenotia. Ikeda admet 
done que les granules chromatoides que l’on trouve a la fin de 
•revolution du pansporocyste, entre les cellules germinates, ont 
la valeur de v6ritables globules polaires. II en compte seize, 
chaque cellule gam6tique en aurait done expulse un seul. Je 
crois que l’origine de ces granules chromatoides est toute autre; 
je pense en apporter la preuve dans le prochain paragraphe. 
Granata, par contre, decrit dans les gametes des divisions 
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h6t&ropolaires qui aboutiraient a l’expulsion d’une masse chro- 
matique hors du cytoplasme. Les figs. 37, 88, et 48 et son 
M6moire en indiquent les principales phases. Je n’ai, pour ma 
part, jamais observe chez Guyenotia sphaerulosa 
d’aspeets comparables. 

Granules chromatoides du Pansporooyste. 

On rencontre entre les cellules internes du pansporooyste un 
certain nombre de granules chromatoides sur 1’origine desquelles 
subsiste un doute; Ikeda et Granata ainsi que Mackinnon et 
Adam les considerent comme des globules de reduction. Cette 
interpr6tation me semble inacceptable: 

1° Dans les preparations fixees au liquide de Ghampy ou au 
melange de Eegaud IV, ces granules conservent d’une fagon 
tres Elective l’hematoxyline, de meme d’ailleurs que les nucleoles, 
a l’inverse de la chromatine au repos et en mouvement qui se 
decolore presque immediatement au contact de l’alun de fer. 
Ceci nous indique une analogie de constitution entre les granula¬ 
tions chromatoides residuelles et les nucleoles. 

2° Durant la cinese, il est tres frequent de constater une 
migration du nucleole vers l’un des poles cinetiques; migration 
qui precede l’ascension polaire des chromosomes et qui semble 
bien aboutir a une expulsion du nucleole hors de la cellule (voir 
figs. 16,17, et 18, PI. 82, et fig. 27, PI. 33). Toutes les cineses ne 
montrent pas une expulsion nucl6olaire, mais de semblables 
phenom&nes sont observables dans differentes phases, soit durant 
la gametogenese, soit durant la sporogenese. 

8° L’existence de granules chromatoides residuels s’observe 
d6j& dans les pansporocystes ^ deux cellules internes (fig. 14, 
PI. 82) et meme avant (fig. 6, PI. 82); on en observe il toutes les 
phases du cycle. Ce fait montre d’une faijon indiscutable que 
ces globules n’ont rien de commun avec des globules de 
reduction. 

40 Enfin, de 1’aveu meme de Mackinnon et Adam, le nombre 
de ces granules n’est pas constant. II est juste d’ajouter que 
ces demiers admettent qu’ils peuvent, dans certains cas, se 
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fusionner deux par deux, ce qui expliquerait — d’apres ces 
auteurs — la fluctuation numerique. 

Nous voyons done, par ces quatre categories de faits, que 
Tidee d’assimiler ces corpuscules a des corps de reduction est 
actuellement insoutenable. Le seul fait que les phenomenes 
reductionnels se font par des cineses homopolaires semble 
d’ailleurs exclure cette interpretation. 

La Fecondation. 

Le pansporocyste, parvenu a maturity, presente done seize 
elements dont buit, legerement plus petits, peuvent etre assimiles 
a des gametes males. Chacun de ces elements est reduit et ne 
contient que deux chromosomes. Ces gametes, apres une 
periode de repos, durant laquelle ils tendent a s’accroitre, 
copulent deux par deux: un element de taille plus reduite, 
s’accolant intimement a un gamete femelle. II en results des 
‘copula 9 telles que celles figurees en 24 (PI. 33). La plasmo- 
gamie se produisant, les noyaux sont mis au contact Tun de 
l’autre (fig. 25, PI. 33), et ne tardent pas a se fusionner. Sitot 
la copulation des deux noyaux achevee, le syncaryon du zygote 
ainsi forme laisse apparaitre un spireme. La fecondation est 
done legerement anisogame, comme tous les auteurs 
Tavaient decrite. 


Les Divisions du Zygote. 

Le noyau du zygote ou syncaryon entre tres rapidement en 
cinese apres une courte periode de repos. Dans la fig. 17 (PI. 32), 
on aperfoit un noyau en prophase contenant un spireme dej& 
fragments en quatre elements et un nucleole excentrique. La 
meme figure montre un autre noyau metaphasique, avec quatre 
chromosomes en train de se Assurer. La fig. 26 (PL 33) represents 
egalement deux metaphases a quatre chromosomes, et les 
figs. 27 et 28 des anaphases. Durant cette premiere cin&se, les 
chromosomes sont de grande taille et bien observables. On 
remarque que deux grands et deux petits elements emigrent 
k chaque p61e. Le noyau est done typiquement diploide. Cette 
premiere cinese conduit k la formation de couples de deux 
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cellules, une plus grande et une plus petite, la cytodidr&se se 
montrant nettement heteropolaire (voir fig. 26, Pl. 33). 

La deuxi&me cinese de la segmentation du zygote se produit 
tout d’abord dans le plus petit element qui s’accolle au plus 
grand et entoure l’un de ses pdles a la maniere d’un croissant. 
Cette deuxieme cinese montre quatre chromosomes meta- 
phasiques (fig. 81, PI. 33) et donne naissance a deux cellules en 
croissant qui enveloppent partiellement la grosse cellule centrale 
(fig. 81, PI. 33 et fig. 29, PI. 33). Ce n’est qu’4 ce moment que 
cette demiere se divise a son tour, formant ainsi une troisieme 
cellule exteme, ceci par une cinese heteropolaire (fig. 29, PI. 33): 

L’ebauche de la spore est alors constituee par une grosse 
cellule centrale entouree de trois cellules plus petites qui 
l’enveloppent entierement. Ces trois cellules ne sont autres que 
les trois cellules valvaires ou cellules de l’epispore, ou encore 
cellules sporales ou de l’involucre (voir fig. 23, 27, et 30, PI. 33). 
Durant toutes ces cineses, le noyau se montre toujours 4 l’etat 
diploide. 

FORMATION DE L’EBAUCHE SPORALE, PUIS DE LA SPORE. 

Caullery et Mesnil sont les premiers 4 avoir observe que la 
spore se forme 4 partir de deux masses independantes: 1’une 
de six cellules, disposees pr4s du centre du pansporocyste et 
l’autre, tout d’abord mononucleee, et peripherique. La premiere 
donnera les trois capsules polaires et les trois cellules valvaires 
initiales. Quant 4 la grosse cellule, elle est rejetee 4 la Peripherie 
du petit kyste et foumira la masse des cellules germinatives. 
Mackinnon et Adam s’opposent aux conclusions de Caullery et 
Mesnil et n’admettent pas, d’apres leurs observations sur 
Triactinomyxon, l’idde d’une segregation des deux future, 
constituants de la spore (epispore et endospore). Par contre, 
chez Sphaeractinomyxon gigas, Granata confirme en¬ 
tierement les observations de Caullery et Mesnil sur S. stolci, 
et il admet l’existence d’un pore, 4 la partie posterieure de 
l’involucre, par lequel la masse germinale penetre 4 l’interieux 
de la spore. 

Quant 4 la genealogie des cellules qui formeront 1’enveloppe 
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sporale (capsules polaires et cellules valvaires), il persists un 
conflit entre les vues de Granata et celles de Mackinnon et 
Adam. Les schemas repr6sentant la filiation des cellules sporales 
ne concordent pas d’apres ces deux travaux. Bemarquons 
d’ailleurs que les recherches de ces auteurs n’interessent pas les 
memes genres. 

Chez Guyenotia sphaerulosa, lorsque les trois cellules 
de la peripherie sont formees, la grande cellule centrale entre de 
suite en cinese (fig. 28 et 80, PI. 33). Chacun des deux noyaux 
resultant de cette division se divise a nouveau et l’on observe 
une cellule centrale a quatre gros noyaux entouree d’une 
pellicule formee de trois cellules qui se sont amineies et dont le 
noyau s’est aplati en diminuant de volume (fig. 84, PI. 33). Ces 
noyaux peripheriques entrent en cin&se (fig. 84, PL 33 en haut), 
pendant que les cellules enveloppantes se retractent, ne couvrant 
plus qu’un pole de la cellule centrale. Us se trouvent alors au 
nombre de six noyaux de taille plus petite, tandis que les 
noyaux de la masse centrale atteignent le nombre de quatre. 
Cette sorte de calotte & six noyaux se projette souvent, dans les 
coupes, sur la masse centrale 4 quatre noyaux (fig. 82, PI. 88). 
C’est a ce moment que se produit une sorte de decollement. La 
masse centrale tetranucleee est rejetee vers la Peripherie du 
pansporocyste, alors que le plasmode k six noyaux se differencie 
en donnant trois cellules polaires dirigees vers le centre du 
kyste, en arriere desquelles s’observent les trois cellules val¬ 
vaires initiales (ou cellules episporales ou de l’involucre), dont 
les noyaux Be gonfient peu a peu. C’est en arrive de cet ensemble 
ofi l’on distingue lAbauche des trois capsules polaires et des 
trois valves, que se trouve la masse t6tranucl6ee, dont les 
noyaux, subissant encore une division, atteignent le nombre de 
huit (voir fig. 89, PL 34). 

Durant toute cette periode, si les figures cin6tiques ne sont 
pas trop petites, on observe toujours quatre chromosomes, soit 
le nombre diplo'ide. LAbauche de 1’involucre sporal subit alors 
une nouvelle division qui int6resse vraisemblablement les trois 
ceEules valvaires. H en resulte trois nouveaux noyaux qui 
restent directement en arri&re des trois cellules polaires (fig. 40, 
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PI. 34). Quant aux noyaux de la valve (fig. 40, Pl. 34), ils passent 
plus en arri&re, et penetrent dans trois appendices cytoplasmi- 

Text-fig. 2. 


N.^germinaux. N.poh M, valv. 



Schema montrant la filiation des elements de la spore a partir du 
zygote. N. pol., noyaux polaires; N. valv., noyaux valvaires. De 
ces six noyaux, trois d’entre eux degenereront et toigreront au 
pole anterieur de la spore. 

ques, encore courts, qui s’accroisent du c6te de la masse ger- 
minative. Un stade plus avance montre Faccroissement des 
cellules valvaires qui constituent la paroi de la spore. Trois 
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travees cytoplasmiques, contenant les trois noyaux issus 
vraisemblablement de la division des noyanx valvaires, se 
prolongent en arriere du groupement polaire a la surface de la 
spore (fig. 88, PI. 34). Ces noyaux emigreront, par la suite, au 
p61e anterieur de.la cellule ou ils semblent degenerer (fig. 41, 
PI. 34). 

La masse germinative presente alors huit noyaux, elle pdn^tre 
a rinterieur de cet involucre sporal, ou bien les cellules valvaires, 
en pleine periode de croissance, l’enveloppent peu 4 peu. H 
est difficile de decider lequel de ces deux processus — embolie 
ou epibolie — se produit effectivement. L’essentiel est de 
remarquer que la spore se referme alors completement et con- 
tient une masse germinative a huit noyaux (fig. 85, PI. 33). 
La fig. 36 montre l’aspect d’une spore vue de face avec ses trois 
capsules polaires, debouchant dans la commissure des trois 
valves. Les noyaux capsulaires sont encore observables. Par 
la suite, la spore s’agrandira, deviendra presque spherique, les 
noyaux capsulaires disparaitront, tandis que les noyaux de la 
masse germinative, par divisions successives, atteindront le 
nombre de trente-deux (Text-fig. 3). 

Les cellules valvaires s’allongent alors, formant trois longs 
appendices de 40 /x de long, contenant le noyau valvaire 
au niveau du tiers posterieur. Ces trois grandes comes s’accrois- 
sent jusqu’S, la maturite de la spore (Text-fig. 3). Cette 
demiere mesure 14 /a 4 15/a de diametre, et les capsules polaires 
atteignent 5/a dans leur plus grand diametre. 

Un point, cependant, reste douteux. Comment se produit la 
plasmotomie de la masse germinative dela Guyenotia ? 
Se forme-t-il trente-deux sporozoites mononucldds, ou bien, 
comme chez le Tetractinomyxon ou le Triactino- 
myxon ldgeri, la fragmentation cytoplasmique aboutit-eUe 
a la formation d’elements binucldds? Mes observations, tant sur 
frottis que sur coupes, ne m’ont jamais montre qu’une seule 
masse cytoplasmique indivise, contenant un maximum de 
trente-deux noyaux. H est regrettable que cette lacune subsiste. 
Des observations precises sur ce point nous permettraient de 
eomprendre rorigine des corps binucldds qui sont 4 la base de 
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Figure demi-schematique representant une spore mure. (D’apres 
un frottis colore au Giemsa et d’apres des coupes; Grossissement . 
X3145.) a., appendices de la spore; c.pol., capsule polaire; 
nva., noyaus valvaires des appendices; sp., sporoplasme. 

1’evolution du pansporocyste. Je n’ai pu, malheureusement, 
suivre cette formation des sporozoites et mes observations, b, cet 
dgard, sont ineompletes. Peut-etre la spore n’aeheve-t-eUe sa 
maturity que lorsqu’elle a et6 rejetde hors des tissue de l’hdte. 
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La figure schematique 2 represents la filiation des elements ■ 
de la spore comme j’ai cru pouvoir 1’etablir. Elle montre que 
chez Guyenotia sphaerulosa les processus essentiels de 
la formation de la spore sont comparables 4 ceux qui ont et6 
d4crits par Mackinnon et Adam chez Triactinomyxon, 
et par Granata chez Sphaeractinomyxon gigas. La 
genealogie des noyaux de la spore chez Guyenotia se dis¬ 
tingue eependant de celle des genres precites par la formation de 
six noyaux valvaires, dont trois degen^rent rapidement et par 
l’absence de noyaux residuels de l’endospore. Ces deux faits 
montrent, a eux seuls, la difference essentielle existant entre le 
genre Guyenotia et les genres voisins. 


Conclusions. 

L’etude du cycle de Guyenotia sphaerulosa m’apermis 
de preciser un certain nombre de points du cycle 'evolutif des 
Actinomyxidies, en particulier les phenomenes r6ductionnels. 

1° Les formes jeunes de Guyenotia sphaerulosa ren- 
contrees dans les tissus de Tubifex tubifex Mull., qu’elles 
se trouvent dans l’epithehum intestinal, dans le tissu chlora- 
gogene on, accidentellement, a l’interieur du coelome, sont 
toujours binucieees. Je n’ai done pas pu decider si l’etat 
binuciee provenait d’un sporozoite lui-meme binuciee (cas de 
Tetractinomyxon Ikeda), s’il resultait d’une division d’un 
noyau unique d’un sporozoite mononuciee, ou si enfin 1’accouple- 
ment de deux sporozoites mononuciees lui avait donne naissance. 

2° L’evolution du pansporocyste, qui presents dans ce genre 
une paroi 4 quatre noyaux, suit exactement le mode decrit par 
Caullery et Mesnil, Mackinnon et Adam et, plus recemment, par 
Granata. Au cours de ce d6veloppement, la lignee germinale 
femelle manifests une inertie cin6tique tres marqu6e par rapport 
k la lignee germinale male. II resulte de cette evolution huit 
gametes m&les et huit gametes femelles, de taille inegale et qui, 
par leur accouplement, realisent une fecondation faiblement 
anisogame. 

S° Au cours de la formation des gametes, on observe trois 
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cineses successives dans chacune des deux lignees germinates. 
Dans chaque lign6e (m41e ou femelle), la premiere cinese 
est goniale (type diploide 4 quatre chromosomes); la 
seconds cin&se est r6ductionnelle et hetdro- 
typique (passage de 1’etat diploi'de 4 l’6tat haploide 4 deux 
chromosomes); quant a la troisieme cinese, elle est homeo- 
typique etdu type strictement haploide (deuxchromosomes). 
Une reduction chromatique precede done la formation des 
gametes ; elle a lieu a l’avant-derniere cinese. Les ph6nomenes 
pr6meiotiques n’ont pas pu etre suivis en detail. 

4° Les corpuscules ehromatoides, rejetes a l’interieur du 
pansporocyste, ne sont pas, comme le pensent Mackinnon et 
Adam ou Granata, des globules de reduction. Us se rencontrent 
en nombre indetermine et se forment par expulsion d’elements 
d’origine nucleolaire a n’importe quelle phase de 1’evolution du 
pansporocyste. 

5° La fecondation guivie de caryomixie, retablit 1’etat diploide 
du noyau (quatre chromosomes). Les cineses, durant la sporo- 
genese, sont done diploides. 

6° La filiation des noyaux de la spore semble se poursuivre 4 
peu pres suivant le schema donne par Mackinnon et Adam pour 
Triactinomyxon legeri; cependant, chez Guy6notia 
sphaerulosa, ilnese forme pas de noyaux residuels, et l’on 
rencontre six noyaux valvaires, dont trois sont appeles a 
degenerer rapidement. 

7° La spore est formee, comme 1’indiquent Caullery et Mesnil, 
par deux ebauehes independantes : (1°) Les cellules polaires et 
valvaires; (2°) la masse germinative repouss6e 4 la peripherie 
du pansporocyste. Cette derniere p4netre dans l’ebauche de 
l’6pispore, lorsqu’elle a atteint le nombre de huit noyaux. Je 
n’ai pu determiner si cette penetration de la masse germinative 
est active (embolique) ou si elle est due 4 l’enveloppement des 
cellules valvaires pendant leur croissance (6pibolie). 

8° La constitution du sporozoite (mononucleee ou binucl4ee) 
de Guyenotia reste 4 determiner. 

Les resultats acquis, coDcemant les cineses maturatives et la 
fecondation de la Guyenotia sphaerulosa presentent un 
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interet certain. Compares aux conclusions de mes dernieres 
recherches sur les Myxosporidies ils montrent tres nettement 
une homologie entre le cycle de ces deux groupes. La sexualisa- 
tion plus precoce des Actinomyxidies conduit a une segregation 
immediate des deux lignees germinatives male et femelle, entre 
lesquelles, d’ailleurs, les phenomenes reductionnels presenter^ 
une rigoureuse similitude. Comme je Fai montre dans mon 
recent travail sur les Myxosporidies, la sexualisation de plus 
en plus precoce que Ton observe dans les divers groupes de 
Myxosporidies doit conduire finalement a la dioecie. Si, chez 
les Actinomyxidies, la dioecie n’est point encore realisee, la 
tres grande precocite de la sexualisation conduit a la production 
de cineses goniales dans des Elements deja determines dans le 
sens male ou dans le sens femelle. C’est done bien a Favance- 
ment de la sexualisation par rapport au processus reductionnel 
que semble due Failure particuliere du cycle des Actionomyxidies. 
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EXPLICATION DES PLANCHES. 

N.B.—Toutes les figures ont ete dessinEes a la m&me Echelle, 
en utilisant des esquisses faites au moyen de la chambre claire 
d’Abbe (ocul. peripl. Leitz x 25 et immers. homog. Leitz 
l/12eme). Ces figures ont ete reduites, k la reproduction, exacte- 
ment d’un tiers. Le grossissement est done de 3.145 diametres. 
Les preparations ont ete colorees a l’hematoxyline de Heiden- 
bain et fixees au liquide de Bouin-Hollande ou a celui de 
Duboscq et Brasil. 

Plaxche 32. 

Fig. 1 a 4.—Petits corps binuclEEs dans les cellules EpithEliales ou 
chloragogEnes du Tubifex. 

Fig. 5.—Etat spirEmique des deux noyaux des corpuscules binuclEEs. 

Fig. 6.—Corps k trois cellules. 

Fig. 7.—ElEment k quatre cellules. 

Fig. 8 et 9.—Enveloppe du pansporocyste prEsentant dEj& quatre 
cellules et contenant les deux cellules mEres de la lignEe germinal©. 

Fig. 10.—Pansporocyste renfermant quatre ElEments Equivalents aux 
cytes de premier ordre. 

Fig. 11.—Cellule goniale a en cinEse k cote de la cellule p en prophase. 

Fig. 12.—Pansporocyste contenant les Elements a v a 2> ft, ft. 

Fig. 13.—Telophase dormant naissance aux Elements a x et a 2 , et mEtaphase 
cinEtique de la cellule ft 
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Fig. 14.—Anaphase de la cellule jS et telophase ou prophase des elements 
ctj et 2 * 

Fig. 15.—Prophase et anaphase des elements ft et ft, la cellule a 22 (ou 
une homologue) n’est point encore divisee. 

Fig. 16.—Metaphase de la deuxi&me cinfcse rMuctionnelle de la lignde 
femelle. 

Fig. 17.—Prophase et metaphase de la premiere division du zygote. 

Fig. 18.—Anaphase de la premiere cinese reduotionnelle de la lignAe male. 

Fig. 19.—Anaphase de la deuxi&me cinese r6ductionnelle de la Iign6e 
femelle. 

Fig. 20.—-Deux anaphases de la deuxi&me cinese r^ductionnelle de la 
lignee femelle. 

Fig. 21.—Pansporocyste A dix cellules, contenant les Elements: a ul , 
a 112» a 121> a 122» a 211> a 212» a 221> a 222» ft ©t ft* 


Planohe 33. 

Fig. 22.—Prophase de la deuxiAme cinese reduotionnelle de la lignee male. 

Fig. 23.—Prophase et mAtaphase de la premiere cin&se de la lignee 
germinale de Febauche sporale. Element germinatif central accompagn6 
des trois cellules de l’enveloppe. 

Fig. 24.—Diverses phases de la copulation des gametes. 

Fig. 25.—Caryogamie des pronuclei males et femelles. 

Fig. 26.—Premiere cinese de division du zygote: deux metaphases et 
deux elements dejA divises. 

Fig. 28.—Anaphase de la premiere division du zygote. 

Fig. 29.—Deuxi&me cinfcse de la cellule centrale de Febauche sporale. 

Fig. 30.—Prophase et metaphase de la premiere cin&se de la lignee 
germinale de Febauche sporale. 

Fig. 31.—Division de la premiere cellule de Finvolucre de Febauche 
sporale. Stade A trois cellules. 

Fig. 32.—Ebauche sporale montrant les six noyaux de Finvolucre et 
la formation des quatre noyaux germinatifs. 

Fig. 33.—Divers aspects de Febauche sporale. 

Fig. 34.—Ebauche sporale montrant des metaphases A quatre chromo¬ 
somes. 

Fig. 35.—Jeune spore contenant un sporoplasme A huit noyaux (sur 
coupes). 

Fig. 36.—Jeune spore en vue polaire montrant les commissures valvaires 
et les trois capsules polaires accompagnees de leurs noyaux (sur coupes). 

Fig. 37.—Spore vue en coupe. (II est A remarquer que dans les coupes les 
appendices valvaires restent incolorables et ne peuvent etre observes.) 
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Planche 34, 

Fig. 38.—Evolution de l 5 involucre d’une spore montrant les six noyaux 
valvaires (d’apr&s un frottis color6 au Giemsa). 

Fig. 39.—Phase initiale de la formation de 1’involucre sporal, montrant 
les trois capsules polaires avec leurs noyaux et les trois noyaux initiaux 
des valves de la spore (sur coupes). 

Fig. 40.—Stade jeune de la formation de l’involucre sporal, montrant 
I’existence de six noyaux valvaires (d’apr&s un frottis color6 au Giemsa). 

Fig. 41.—Jeune spore contenant un sporoplasme k -seize noyaux. Les 
noyaux valvaires anterieurs ont emigre au p61e anterieur de la spore oft 
ils ne tarderont pas a d^g^nerer (d’aprds un frottis colors au Giemsa). 
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Introduction. 

An account of the variation in the histological condition of 
the thyroid gland of the sheep, with regard to age, sex, and 
season, has already been published (Lowe, 1930). The results 
embodied in the present paper formed part of the same in¬ 
vestigation. 

The main part of the investigation, dealing with sheep, was 
undertaken originally on the advice of Mrs. Bisbee in connexion 
with a suggestion she put forward (Bamber, 1, 1924) as to the 
possible relation between Braxy in sheep and seasonal activity 
of the thyroid. 

It was suggested by Professor Dakin, however, that it would 
be of interest to include in the investigation the thyroid glands 
of cats also, as they are animals whose sexual period falls within 
more definite limits. 
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The laboratory work was carried out in the Zoological Depart¬ 
ment of the University of Liverpool during the year October 
1924-5. I am indebted to Professor Dakin and to Mrs, Bisbee 
for suggesting the work originally and for much valuable advice 
and encouragement during the course of the investigations. 

The cats’ glands used in this investigation were obtained daily 
from freshly killed animals and were placed in the fixative 
within about half an hour of the death of the animal, so that 
post-mortem changes were as far as possible eliminated. It was, 
of course, impossible to ascertain the ages of the cats used, but 
the sex was recorded in each case. Glands from males and 
females have been taken in approximately equal numbers 
throughout. A few castrated animals were used also, and during 
the late winter and spring months, numerous females in different 
stages of pregnancy were obtained, as well as a few in the lacta¬ 
tion period. 

Material and Methods. 

The glands, being small, have been fixed whole throughout 
the investigation, as this practice facilitated the orientation of 
the paraffin blocks later. The sections were cut longitudinally in 
all cases. The material was fixed in Bouin’s picro-formol for 
the most part. This fixative was found quite successful for the 
glands of cats, although useless for those of sheep. 

The chief stains used have been Mann’s methylblue eosin 
and Mallory’s triple stain. 

The Thyroid Gland of the Gat. 

Influence of Season on Histological Structure. 

In the ease of cats a fairly complete series of glands from both 
males and females has been obtained throughout the whole year, 
so that it has been possible to obtain a much more complete 
account of the seasonal variation in the thyroid glands of cats 
than was possible in the case of sheep. The fact, however, that 
it was never possible to ascertain the ages of the cats whose 
glands were used makes this account in some respects less exact 
than that given for sheep. 
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For convenience the results in this section will be discussed 
under the periods October-December, January and February, 
March-May, and June-August, 

October-December (inclusive). 

On the few occasions on which large numbers of animals were 
taken in one week there was remarkably little individual varia¬ 
tion in their histology. For instance, in the week October 24-80, 
the glands of eleven cats were obtained. One of these was from 
a castrated male and will not be discussed here. Five were from 
females, and all were remarkably similar in condition. Five 
others were from males, and these, although differing consider¬ 
ably from those of the females, were very similar amongst 
themselves. 

The glands from the five females all contained very small 
acini with extremely small amounts of colloid (fig. 1, PI. 35). 
Most of the glands were producing a certain amount of new 
secretion and the acinar epithelium was in most cases low 
columnar. The acini themselves were very small and were 
composed of few cells (fig. 1, PI. 35). Many of them were com¬ 
pletely devoid of colloid, but the epithelium showed few signs 
of having undergone any process of compensatory hypertrophy. 
The acinar walls were in most cases one cell thick, and in those 
areas of the gland from which colloid was absent the cell-masses 
seemed to be the remains of empty acini rather than the result 
of a process of active cell-division. 

The glands of the five males, on the other hand, contained 
considerably more colloid (fig. 2, PI. 35), and the acini were 
much larger. In one or two cases the epithelial cells were 
flattened, but, notwithstanding this, a certain amount of new 
Becretion was being formed. One of the glands showed a more 
actively seereting condition than the other four. The acini were 
smaller and the epithelial cells cuboidal or columnar in shape with 
a tendency to active cell-division. A considerable amount of 
new secretion was present. The other four glands obtained on 
the same date were fairly uniform in condition (fig. 2, PI. 35). 
The glands of most of the male cats obtained during the 
no. 292 q q 
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months of October, November, and December were similar in 
condition to the four described above. They contained fairly 
large amounts of colloid, but unlike the glands of the male sheep 
examined during the same period, they all contained a certain 
amount of new secretion, and none of them could be described 
as colloid goitres. There was never any thickening of the con¬ 
nective tissue between the acini, but one or two of the glands 
showed signs of previous hypertrophy. This was particularly 
evident in one of the glands obtained on November 24. In this 
gland the acini were very large and showed plicated walls. The 
epithelium was low cuboidal or flat in character. 

The glands of the male cats were not as uniform in condition 
as those of the sheep during the same period, and several 
exceptions were seen in which the amount of colloid was reduced. 
This was accompanied in some cases by active secretion, bnt in 
others the acini were quite small but contained no trace of new 
secretion, and seemed to be in an inert condition. 

During the same three months the glands of numerous female 
cats were examined, and it was found that all the glands con¬ 
tained very small acini as in the case of the females obtained on 
October 24r-80, described above, although the amount of new 
secretion was not the same in all cases. During October and 
the early part of November the amount of new secretion pro¬ 
duced was rather small in comparison with the reduced size of 
the acini, but the glands obtained during late November and 
December were in a more actively secreting condition. The 
epithelium became more columnar in character, and in some 
cases a certain amount of hypertrophy was observed. There 
was not, however, any increase in the size of the acini during 
this period. 

Thus during the autumn months the glands of both sexes were 
producing a certain amount of new secretion, but the amount 
of colloid was much greater in males than in females. 

January and February. 

During the following two months, January and February, the 
condition of the ordinary males and females became more 
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similar (figs. 8,4, and 5, PL 35). In the females the acini became 
considerably larger and were producing much more new secre¬ 
tion than in the preceding three months (fig. 5, Pl. 85). The 
epithelial cells were in most cases columnar, and in most of 
the glands the acinar walls showed a tendency to hypertrophy. 
This actively secreting condition was accompanied by a marked 
distension of the capillaries of the gland. A number of females 
obtained during January and February were pregnant, but the 
condition of their thyroids fell into line more or less with that 
of the non-pregnant females. They will, however, be discussed 
in detail in a separate section. Towards the end of February 
and the beginning of March, the amount of colloid in the acini 
was somewhat reduced again, but the glands were in most cases 
still actively secreting, and some showed evidences of recent 
hypertrophy in the form of irregular acini, active cell-division, 
and thickened connective tissue. 

The glands of the males during January and February also 
became more actively secreting than they had been during the 
autumn months. In most cases this condition of active secretion 
resulted in hypertrophy and cell-multiplication, particularly 
towards the end of February. The acini in many cases were 
smaller than those of the glands taken during the autumn 
months. In one gland obtained on February 18 the acini were 
completely exhausted and devoid of colloid, and the acinar walls 
had undergone a considerable amount of cell-division, but the 
gland of another male obtained during the same week had not 
arrived at such an extreme condition, and although it showed 
abundant traces of hypertrophy, a fair amount of colloid still 
remained (fig. 4, Pl. 35). 

During January and February, therefore, the glands of both 
sexes were very similar in condition, both being actively 
secreting with a fair amount of colloid in the acini. The amount 
of colloid in the females was considerably larger than during 
the autumn months. 

March, April, and May. 

During March, April, and May, the glands of both sexes 

Q q2 
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)ecame much more passive in condition (figs, 7, 8, and 10 
?1. 36). The amounts of colloid in the acini became much 
arger, although it was mostly of a very new faintly staining 
jranular nature. The acinar epithelium was in most cases low 
3uboidal, that of the males being flatter than that of the females. 
The masses of cells formed during the previous period of activity 
were very conspicuous. There was also a certain amount of 
cell-debris in many of the acini. The epithelial cells in practi¬ 
cally all the glands of both sexes during this period were in a 
resting condition and were not producing globules of new 
secretion. 

The condition described above lasted until the end of May in 
both sexes. Only males and pregnant females were obtained 
during the first week in June, but the males were still in the 
same condition. 

The only exceptions to the general rule during this period 
(March to first week in June) were the glands obtained from 
a few pregnant females. These glands resembled those of the 
non-pregnant females in the possession of large amounts of 
colloid in the acini, but they differed in that they were still 
producing a considerable amount of new secretion. In addition 
to the enlargement of the pre-existing acini found in the glands 
of all the females during this period, in the pregnant females 
a great many small new acini were being formed by the produc¬ 
tion of colloid in the middle of the small groups of cells which 
arose during the previous period of hypertrophy. 

June-August. 

From about June 10 onwards the condition of the glands 
again became more active. The glands of both sexes obtained 
on this date showed a great increase in activity. 

This return from the resting to the active condition was fore¬ 
shadowed by a tendency to slight activity in the glands of a 
few of the males towards the end of May. One gland obtained 
on May 26, for instance, showed small amounts of new secretion 
in various regions. The gland contained a moderate amount of 
colloid, and the acinar epithelium varied from a flat to a cuboidal 
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condition. There was abundant evidence of previous hyper¬ 
trophy. The complete return to the active condition in all the 
glands, however, did not take place until the second week in 
June. The few glands mentioned above were merely of sporadic 
occurrence, and in the first week in June no active glands were 
obtained. 

The two glands obtained from males between June 10 and 18 
were in a very actively secreting condition. The acini were 
reduced in size; one was almost devoid of stainable colloid, and 
in the other the colloid was basophil and stained very lightly 
with methyl blue. In both glands the epithelium was either 
high cuboidal or columnar in condition and was in a state of 
active hypertrophy. In the more active of the two it was high 
columnar throughout. The other gland contained one or two 
very large acini which did not take part in the general activity. 
In both glands the capillaries between the acini were distended 
with blood. 

The gland of the female obtained on June 13 was in a state 
of active hypertrophy with a considerable amount of cell- 
division in the acinar walls. The size of the acini waB extremely 
varied throughout the gland. Some were very large and con¬ 
tained deeply st aining colloid and a flat epithelium and very 
little new secretion; others were considerably reduced in size 
and were lined by actively secreting columnar epithelium. The 
connective tissue was thickened in places, and throughout the 
gland the capillaries were dilated. Its condition on the whole 
resembled that of the two males described above. 

Most of the glands obtained between June 10 and the middle 
of August, when the last glands of the series were taken, con¬ 
formed more or less to the description given above for the two 
sexes (figs. 11 and 12, PI. 36). With the exception of pregnant 
females and castrated males, which are not being discussed here, 
the glands of both sexes were on the whole characterized by the 
production of large quantities of new secretion. The secreting 
cells were in nearly all cases high columnar and vacuolated and 
the nuclei were situated at the base of the cells. Practically 
all the glands contained enlarged capillaries. Hypertrophy and 
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cell-proliferation accompanied this condition of activity in some 
of the glands, but this was not universal. 

One or two exceptions to the general description given above 
occurred among the males. These agreed with the account 
given above in that they contained much less colloid than the 
glands of either sex during the preceding period, March-May, 
but they differed from the glands of other males obtained during 
the period June-August in that they were producing very little 
new secretion, and the epithelial cells were either low cuboidal 
or flat in shape. 

It is known from the experiments of Mills with the glands 
of guinea-pigs that an increase of temperature induces the 
colloid condition, whereas a decrease of temperature causes 
increased activity. The existence of the colloid condition in the 
glands of sheep of both sexes during the summer months 
(Lowe, 1930) is in accordance with Mills’s (6, 1918) results for 
guinea-pigs. In the case of cats, however, the glands of both 
sexes were found to be actively secreting during the summer 
months. Their behaviour, therefore, was not in accordance with 
Mills’s account. 

Thus from the results discussed in detail above it is clear that 
there is a definite seasonal variation in the activity of the 
thyroid gland of cats. During the autumn months, the amounts 
of colloid were much larger in males than in females, but both 
sexes were producing small amounts of new secretion. 

From the beginning of January onwards the amount of 
colloid in the two sexes was very similar and the seasonal changes 
which took place affected males and females equally. During 
January and February the glands of both sexes contained a 
moderate amount of colloid. A great increase in the activity of 
the glands took place early in January and lasted until March, 
when it was replaced by a more passive condition accompanied 
by an increase in the amount of colloid. This was again replaced 
at the beginning of June by another period of activity which 
lasted until the middle of August. 

Thus the glands of ordinary males and females appear to 
respond simultaneously to seasonal changes during the greater 
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part of the year. The sex difference found in the glands during 
the autumn was comparable to that found in sheep (Lowe, 
1929), but was not as pronounced. The period of activity in the 
spring months was found to set in earlier in cats than in sheep, 
but whereas in sheep it lasted until the beginning of May, in 
eats it was replaced in March by a period of inactivity which 
lasted until early June, when the gland’s activity was renewed. 

The beginning of activity in the glands of cats early in 
January synchronizes with the onset of sexual activity and may 
be connected with it. The return of the thyroid to the resting 
condition in March and the renewal of its activity in June are 
not, however, connected with any clearly defined sexual phase. 

Influence of Sex on Histological Structure. 

During the greater part of the year it was found that the 
thyroids of the ordinary males and females differed very little 
in their histological condition. The changes which took place at 
various seasons and with different conditions of sexual activity 
seemed to affect the two sexes simultaneously. There was, how¬ 
ever, throughout the year, more individual variation in the glands 
of the males than in those of the females. The only part of the 
year in which? there was a well-marked sexual differentiation in 
the glands was the autumn period including October, November, 
and December. Most of the glands from male cats obtained 
during this period contained large amounts of colloid in their 
acini, whereas in the females the acini were considerably reduced 
in size, and in most of the glands there were areas from which 
colloid was absent. One or two of the female glands were 
entirely devoid of stainable colloid. The acini in the females 
were composed of few cells, and the reduction in the amount of 
colloid was not accompanied by compensatory hypertrophy of 
the epithelium. The epithelium in the females was low columnar 
in character; in the males it was either flat or low cuboidal. 
The amount of new secretion produced was, however, somewhat 
similar in the two cases. The amounts of new secretion became 
increased towards the end of November and the beginning of 
December. The capillaries wore not dilated in any of the glands 
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during this period, nor was there any thickening of the con¬ 
nective tissue. 

From the end of December onwards there was practically no 
difference in the histological condition of the glands of the two 
sexes. The condition of both has been described in the section 
dealing with seasonal variation, and as there is no sexual varia¬ 
tion it is not proposed to discuss them again here. The 
remainder of the present section will deal with the influence of 
castration on the thyroid of the male, and of pregnancy and 
lactation on that of the female. 

Influence of Castration. 

Only four glands were obtained from castrated animals, but 
these were all obtained at different seasons of the year. Their 
condition did not on the whole agree with that of the males 
obtained on or about the same dates. 

The first was obtained on October 29. Its condition resembled 
that of the females obtained in the same week much more 
closely than the condition of the males (see p. 579). The gland 
contained very little colloid, and the acini were reduced in size, 
some of them being entirely devoid of colloid. The epithelium 
was cuboidal in condition and was producing a fair amount of 
new secretion. There was a certain amount of cell-division in 
the acinar walls, and the capillaries of the gland were distended. 
The gland, therefore, was in a more actively secreting condition 
than those of either the males or the females obtained during 
the same week. 

The second gland from a castrated animal was obtained on 
November 10. The condition of this gland was quite different 
from that of the preceding one, and from those of the females 
obtained on the same date. Its condition resembled that of the 
normal male. The acini contained large amounts of colloid. 
There was no sign of hypertrophy, the acini being lined by a 
single layer of low cuboidal cells which were producing small 
amounts of new secretion. 

The third gland was obtained on January 18 and resembled 
the first in the possession of very little colloid. The acini varied 
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somewhat in size, but some of them were completely devoid of 
colloid. The acinar epithelium was low columnar in character 
and appeared to be in a condition of hypertrophy. Globules of 
new secretion were being formed, but the gland as a whole 
contained very little stainable colloid. The glands of the normal 
males and females obtained about the same time contained much 
more colloid and were producing more new secretion. 

The remaining gland was not obtained until June 30 and was 
in a goitrous condition. The acini contained very small amounts 
of acidophil colloid. The epithelial cells were mostly columnar 
in shape and were secreting actively. Active cell-division was 
in progress, and some of the acini were exhausted and remained 
merely as cell-masses. The connective tissue throughout the 
gland was greatly thickened and contained elliptical nuclei. The 
condition of this gland was in harmony with the findings for 
normal males and females obtained during the same period, 
except that, in addition to being in a state of active secretion, it 
was goitrous and its colloid was eosinophil instead of basophil. 

Thus the four glands described above did not seem to fall 
into line with the seasonal variation observed in normal males 
and females, neither did they resemble one another. If a larger 
number had been examined possibly further light would have 
been thrown on the subject, but certainly the present data 
provide no clue to any definite variation. 

Influence of Pregnancy and Lactation. 

During the year the glands from ten pregnant females have 
been examined. Only one of these was obtained during the 
autumn months; the others were obtained periodically 
throughout the rest of the year. 

The gland obtained on November 7 agreed with those of the 
normal females obtained on the same date in the possession of 
small acini containing very little colloid, but the gland of the 
pregnant female was in a state of active hypertrophy, whereas 
those of the normal females were much less active and did not 
show hypertrophy. 

The second gland obtained on January 27 resembled those 
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of the normal females obtained on the same date. It contained 
large acini filled with somewhat granular colloid. The gland 
was actively secreting and there was a certain amount of cell- 
division in the acinar walls. The capillaries of the gland were 
greatly distended. 

The gland obtained in the following week resembled those of 
normal females obtained on the same date in that it was very 
actively secreting. The acini were irregular in shape and the 
epithelial cells were columnar and highly vacuolated. The whole 
gland was in a condition of hypertrophy with thickened con¬ 
nective tissue and enlarged capillaries. Fibroblasts were present 
in increased numbers in the connective tissue. 

Two more glands were obtained on February 23. Both were 
actively secreting like those of the normal females obtained at 
the same time, but the glands of the pregnant females were 
producing more new secretion than those of the normal females. 
One of the glands contained more colloid than the other, and 
this, although very actively secreting, showed no signs of hyper¬ 
trophy. In both glands the epithelial cells were columnar and 
the capillaries were dilated (fig. 6, PL 35). 

Another gland was obtained from a pregnant female on 
March 2. This resembled the more active of the two glands 
obtained from pregnant females on February 28, and was pro¬ 
ducing more new secretion than the glands of normal females 
obtained about the same date. The epithelial cells were columnar 
and the capillaries were dilated. 

Thus during January and February the glands obtained from 
pregnant females were all actively secreting, although the 
amount of colloid was somewhat varied. The degree of com¬ 
pensatory hypertrophy was also variable. The glands of the 
normal females during the same period were also in an actively 
secreting condition, but on the whole the glands of pregnant 
females contained less colloid and more new secretion than 
those of non-pregnant females. 

The glands of three pregnant females obtained on March 14, 
May 27, and June 3 respectively, all contained large acini with 
large amounts of colloid and very little new secretion, and in 
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this respect bore a stronger resemblance to the glands of normal 
females obtained during the same period than to those of 
pregnant females obtained during January and February. The 
normal females, however, were practically devoid of new secre¬ 
tion. The epithelium in the three pregnant females was cuboidal, 
and there was no hypertrophy but the capillaries were enlarged. 
One female was in a much earlier stage of pregnancy than the 
other two, yet the glands of all were similar, so that the differ¬ 
ence between these and the ones obtained in January and 
February was evidently not due to a difference in the stage of 
pregnancy. 

The last pregnant female of the series was obtained on July 1. 
This gland contained larger acini and more colloid than the 
glands of normal females obtained during June and July, but it 
resembled them in the large amounts of new secretion which it 
was producing. The epithelium was cuboidal or low columnar 
in condition. The capillaries were enlarged and there was evi¬ 
dence of hypertrophy in the acinar walls. 

Thus in the case of cats, an examination of the glands of 
pregnant females seems to show that, although on the whole the 
glands of pregnant females show a greater degree of activity 
than those of non-pregnant females, yet they vary in accordance 
with the seasonal changes recorded for normal females. 

Only four glands were obtained from females whose mammary 
glands were actively secreting. These were obtained on 
October 27, November 8, April 20, and June 12 respectively. 
An examination of these glands showed that, like those of the 
pregnant females, each of them was more similar in condition 
to the glands of the normal females obtained at the same time, 
than to the glands of the other females in the lactation period 
during a different season of the year. For instance, the two 
glands obtained in October and November both contained very 
small acini and very little colloid (cf. normal females, p. 579). 
The earlier of the two was devoid of stainable colloid and seemed 
to consist merely of a mass of cells. The second gland contained 
colloid in some of its acini and was producing a certain amount 
of new secretion. The gland obtained on April 20 (fig. 9, PI. 36), 
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like those obtained from normal females about the same date, 
contained much more colloid and the acini were altogether 
larger. The epithelium was on the whole cuboidal and contained 
masses of cells as a result of a previous condition of hypertrophy. 
Most of the large acini contained no new secretion, but there was 
a certain amount in some of the smaller ones. The fourth gland, 
obtained on June 12, contained acini in varying states of activity. 
There were a few very large ones with flat epithelium and no 
new secretion, but the major part of the gland was composed of 
smaller actively secreting acini with columnar epithelium and 
an abundance of new secretion. The colloid in the very large 
acini stained deeply with eosin, while that of the smaller acini 
was basophil. The connective tissue was somewhat thickened 
throughout the gland. The condition of this gland was somewhat 
similar to that observed in the glands of normal females about 
the same date (see p. 583). 

Thus from the available data it appears that glands from 
females in the lactation period, like those of pregnant females, 
fall into line with the seasonal changes recorded for normal 
females. 

Summary op Facts regarding variation in Cats’ Thyroid. 
Influence of Season. 

1. Males.—From October-December the glands of male 
cats all contained large amounts of colloid, but were producing 
a certain amount of new secretion. Increased activity took place 
in January and February, but was replaced in March by a more 
passive condition. From June to August they were again 
actively secreting. 

2. Females.—From October-December the females showed 
a slight degree of activity, but contained less colloid than the 
males. During the rest of the year the glands of females re¬ 
sembled those of males and seasonal changes affected both sexes 
equally. 

Influence of Sex. 

A sex difference was only apparent during the period October- 
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December. The facts for normal males are summarized above 
under 4 Influence of Season 
Only four castrated animals were examined. 

Pregnancy and Lactation. 

The glands of these females varied in accordance with the 
seasonal changes recorded for normal females. The glands of 
the pregnant females, however, were on the whole more actively 
secreting than those of normal females. 
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EXPLANATION OP PLATES. 

Plate 35. 

Fig. 1.—Part of longitudinal section of thyroid of female cat obtained 
on October 24, showing reduced amount of colloid and slight amount of 
new secretion. 

Fig. 2.—Part of longitudinal section of gland of male cat obtained on 
October 28, showing larger amount of colloid than female and slight 
amount of new secretion. 

Fig. 3.—Part of longitudinal section of gland of male cat obtained on 
January 27, showing actively secreting condition with a certain amount of 
hypertrophy. 

Fig. 4.—Part of longitudinal section of gland of male cat obtained on 
February 18, showing active condition accompanied by hypertrophy. 
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Fig. 5.—Part of longitudinal section of gland of female cat obtained on 
same date as fig. 4, showing similar condition. 

Fig. 6.—Part of longitudinal section of gland from pregnant female 
obtained on February 23, showing actively secreting condition. 

Plate 36. 

Fig. 7.—Part of longitudinal section of gland from female obtained on 
March 10, showing colloid condition with no new secretion. 

Fig. S.—Part of longitudinal section of gland from male obtained on 
March 14, showing gland in colloid condition with flat epithelium and no 
new secretion. Cell-masses present from previous hypertrophy. 

Fig. 9.—Part of longitudinal section of gland from female in lactation 
period obtained on April 20, showing no new secretion and containing 
cell-masses from previous hypertrophy. 

Fig. 10.—Part of longitudinal section of gland from male cat obtained 
on same date asf emale (fig. 9), showing colloid condition with flat epithelium. 

Fig. 11.—Part of longitudinal section of gland from male cat obtained 
on July 2, showing renewal of activity. 

Fig, 12.—Part of longitudinal section of gland from female cat obtained 
on same date as male (fig. 11), showing similar condition. 
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1. Introduction. 

In the larvae and adults of those Diptera in which a peri- * 
trophic membrane is present, it is a remarkably uniform and 
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discrete structure, and any theory of its formation must take 
this fact into account. Now it has recently been found (Wiggles- 
worth, 1929) that in the tsetse-fly the peritrophic membrane 
is produced in the proventriculus as a fluid secretion, which is 
drawn through an annular cleft and so pressed and moulded 
to form a membranous tube. A similar origin was suggested 
by van Gehuchten (1890) for the membrane in the larva of 
Ptychoptera (Tipulidae); and Vignon (1901) showed that 
the proventriculus of Ohironomus contains a beautiful 
delicate press in which the peritrophic membrane is milled. It 
is rather surprising that, although the anatomy of the intestine 
of various Diptera has been described, and the origin of the 
peritrophic membrane in them discussed, no attempt should 
have been made to discover cognate mechanisms by which the 
pressing of the membrane might be effected. 

The present paper arose from an attempt to find such a 
mechanism in the larva of Anopheles. When this attempt 
proved successful the investigation was extended to the larvae 
of other Nematocera, and to the Diptera generally. Finally, it 
was found that analogous structures occur in most of the chief 
orders of insects. But before discussing briefly the varied forms 
which this mechanism may assume in other insects, a more 
detailed account will be given of the conditions present in the 
larvae of certain mosquitoes. 


2. Formation of the Peritrophic Membrane in Mosquito 

Larvae. 

The majority of writers on the larvae of mosquitoes are agreed 
that the peritrophic membrane takes origin at the upper end 
of the mid-gut. At this point the fore-gut, the oesophagus, is 
invaginated into the mid-gut to form the structure usually 
referred to as the * oesophageal valve ’, an unfortunate term 
that attributes to this part of the intestine a property which it 
does not possess ; for the invagination acts not as a valve but 
as a sphincter. In the present paper the oesophageal valve 
together with the surrounding mid-gut will be referred to as the 
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proventriculus \ x The mid-gut of this region is conveniently 
called the ‘cardia \ 

The proventriculus of Culex and Anopheles larvae is 
accurately described by Thompson (1905). ‘ In the anterior part 
of the thorax the oesophagus dips into the cardia as the oeso¬ 
phageal valve ... a deep curtain, thicker at the base than at 
the free border. At the free border the space between the inner 
or direct face and the outer or reflected face is occupied by a 
blood sinus. Above, the space is filled by the circular fibres of 
the annular muscle.... The oesophageal valve of Anopheles 
larva is very like that of C u 1 e x, but has a band of longitudinal 
muscles within the valve between the annular muscles and the 
epithelial cells of the upper part of the reflected face.’ The 
description given by Imms (1907) agrees with this. In addition, 
he describes the peritrophic membrane as coming from the large, 
deeply staining cells of the cardia ; but neither he nor Samtleben 
(1929) mention any mechanism by which this uniform membrane 
may be produced. 

Such a mechanism has been sought in Anopheles plum- 
beus, Culex pipiens, and Aedes (Stegomyia) argen- 
teus. A large number of larvae were rapidly killed by im¬ 
mersion in Camoy’s fixative; the proventriculus was dissected 
out, cleared, and mounted whole, either unstained or stained 
lightly with acid fuchsin. In this way the natural relations of 
the parts have been determined. The histological details have 
been elaborated from longitudinal sections. A striking thing 
about the proventriculus, when it is dissected out from all these 
species, is its rigidity. It maintains its cylindrical form when 
the other parts of the intestine readily collapse. 

(a) Anopheles plumbeus. 

In addition to the structures described by Thompson and by 
Imms, it has been found that in Anopheles plumbeus the 
longitudinal muscle of the oesophageal valve is inserted into 
the chitinous covering of the reflected face, and that at the point 

1 This terminology may be used throughout the Diptera; but the 
‘ proventriculus ’ in many insects (e.g. Hymenoptera) is a muscular organ 
belonging entirely to the fore-gut. 

NO. 292 R r 
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of insertion the chitin is greatly thickened to form a rigid ring; 
a ring which is covered with delicate curved spines directed 
backwards and closely applied to the surface. In the normal 
position of relaxation (Text-fig. 1 a) this chitinous ring lies 
pressed against the lower end of the sheet of deeply staining 
cardiac cells which are regarded as the secreting cells of the 
peritrophic membrane. This sheet of cells has a somewhat 
conical form, tapering in front. It is clear, therefore, that when 
the longitudinal muscle contracts, the chitinous ring will be 
drawn forwards, firmly pressed against the secreting cells ; and 
in so doing the secretion which these discharge will be rolled out. 
When the muscle relaxes and the chitinous ring moves back¬ 
wards again, the spines upon its surface will carry with them the 
newly formed sheet of peritrophic membrane. The rather 
delicate circular muscles outside the mid-gut will assist in 
keeping the parts in intimate contact. The circular muscle 
within the oesophageal valve will serve as a sphincter to close 
the upper part of the orifice; and when the sinuses in the free 
margin are distended they will serve to close the lower part. 

Text-figs. 1 b and c show in action the various mechanisms 
deduced in the last paragraph from considerations of structure. 
In Text-fig, 1 b the circular muscles of the valve are firmly con¬ 
tracted and the blood sinuses tensely distended so as to occlude 
the lumen of the oesophagus. The longitudinal muscle is relaxed, 
and the chitinous ring lies at the hind end of the proventriculus. 
In Text-fig. 1 c the longitudinal muscle is contracted and the 
ring of chitin is drawn far forwards. The circular muscles also 
are contracted, but the sinuses are only partially distended. 

The peritrophic membrane in mosquito larvae is not produced 
with such rapidity as that in the tsetse-fly (Wigglesworth, 1929), 
so that the secretory activity of the cells which produce it is 
proportionally less. But occasionally, in sections (Text-fig. 1 
globules of secretion may be seen in process of extrusion from 
the cells. As in the case of the tsetse-fly again, since the mem¬ 
brane arises by the condensation of this fluid secretion into a 
solid sheet, it must necessarily fit the mould in which it is pro¬ 
duced. This explains the well-known fact that the gut contents 



Proventriculus of Anopheles plumbeus. A, in normal 
position of relaxation; B, with sphincter muscle contracted and 
sinuses distended; C, with longitudinal muscle contracted; 

D, detail of cells secreting peritrophic membrane. 1, sphincter 
muscle; 2, longitudinal muscle; 3, blood sinuses; 4, chitinous 
thickening bearing spines; 5, cells of cardia secreting peritrophic 
membrane; 6, peritrophic membrane; 7, gut contents; 8, 
secretory vacuoles; 9, globules of secretion passing through 
striated border. 

of the mosquito larva are always in the form of a cylindrical 
mass, equal in diameter with the oesophageal invagination and 
uniform throughout; whereas the wall of the intestine may show 

b r2 
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considerable irregularities, including the large ‘ gastric caeca ’. 
As in the tsetse-fly, the peritrophic membrane is composed of 
chitin. It resists solution in hot caustic alkalies, but after such 
treatment it gives the colour reactions for chitosan (Wester, 
1910). ' 

(b) Culex pipiens and Aedes (Stegomyia) ar- 
genteus. 

In Culex pipiens the general mechanism is similar to that 
in Anopheles; but in place of a narrow ring near the free 
margin of the oesophageal valve, there is a general thickening 
of the chitin on the reflected surface. This surface has a double 
curve (Text-fig. 2 a), and at the free margin is provided with 
an everted rim. In short, the whole structure is more rigid than 
in Anopheles. The longitudinal muscle is absent, and no 
evidence could be obtained that the invagination moves up 
and down appreciably. No spines could be seen upon the 
chitinous thickening. On the other hand, the blood sinuses are 
well developed, and often, during closure of the orifice, they 
are fully distended (Text-fig. 2 b) and serve to occlude the lower 
end of the oesophagus, driving onwards the contents of the gut. 

In Aedes argenteus (Text-fig. 2o) the structure is 
almost identical with that in Culex pipiens. The chitinous 
covering of the free margin of the valve is, however, even more 
greatly thickened. It is worth noting that the characteristic 
form of this chitinous thickening is figured by Easehke (1887) 
in the larvaof‘Culex nemorosus’(= Aedes (Ochlero- 
tatus) nemorosus), but it is not so clearly shown in the 
figures of subsequent authors. 

8. Formation op the Peritrophic Membrane in other 

Diptbra. 

It is evident that the formation of the peritrophic membrane 
in the larvae of Culicidae is brought about in the same general 
way as that in the larvae of Ptychoptera and Chirono- 
mus. Indeed it seems probable, from an examination of the 
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literature, that the same is true for the larvae of all the Nema- 
tocera. 

fc. Thus in Simulium (Strickland, 1913) the 6 oesophageal 
valve ’ contains a longitudinal muscle, as in Anopheles, and 


Text-fig. 2. 



A, proventriculus of Culex pipiens in position of relaxation; 

B, the same with sphincter muscle contracted and sinuses dis¬ 
tended; C, proventriculus of Aedes argenteus. 1, sphincter 
muscle; 2, blood sinuses; 3, cbitinous thickening; 4, cells 
secreting peritrophic membrane; 5, peritrophic membrane; 

6, gut contents; 7, wall of gastric caeca. 

its free margin is covered with a thickened layer of cbitin which 
bears rows of spines upon its surface. Strickland suggests that 
these spines serve to draw the peritrophic membrane backwards 
as it is formed, but he does not consider the possibility that the 
structure may act as a press. In Forcipomyia (Oeratopogo- 
nidae) Saunders (1924) figures the oesophageal valve and shows 
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a very thick layer of chitin on the outer surface, with a pro¬ 
jecting flange near the free border. This doubtless has the same 
function. Wagner (1864) and Mecznikow (1866) figure the 
peritrophic membrane in Miastor (Cecidomyidae) as a tube, 


Text-ito. 3. 



Rroventriculus of Soiara (A), Rhyphus (B), and Telmato- 
scopus (C). 1, sphincter muscle ; 2, blood sinus; 3, chitinous 
thickening; 4, cells secreting peritrophic membrane; 5, peri¬ 
trophic membrane; 6, ■wall of mid-gut; 7, circular muscle of 
‘press’; 8, gastric diverticula; 9, large vacuolated cells which 
fill the upper part of the ' oesophageal valve ’. 


equal in diameter with the oesophageal valve, uniform through¬ 
out its length, coiled freely within the dilated mid-intestine. 
3h Mycetobia (Rhyphidae) Muller (1922) describes an annular 
thickening of the chitin of the outer wall of the valve, similar to 
that described above in Anopheles. He regards this struc¬ 
ture as a mould (‘ Darmlnhaltspresse ’) in which the gut con¬ 
tents are compressed into little cylindrical masses. Almost 
certainly it has the same function as the chitinous ring in mos¬ 
quito larvae. 

I have myself examined the larvae of Corethra (Culicidae), 
Rhyphus (Rhyphidae), Sciara (Mycetophilidae), and Tel- 
matoscopus (Psychodidae). In each of these thereis a typical 
‘ press ’ (Text-fig. 8 a, b, o) which it is unnecessary to describe 
in detail. The structure in Telmatoscopus is of particular 
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interest, for this is the only Nematocerous larva I have 
examined in which the arrangement resembles that described 
by Vignon (1901) in Chironomus, where the ‘press’ is 
entirely separated from, the secretory cells. 

Among the higher Diptera the same principle is encountered 
again. In the larva of Calliphora (figured by Perez, 1910) 
the ‘ oesophageal valve ’ is a solid cellular structure forming 
a plug which completely fills the proventriculus. There is no 
need for any thickening of the chitinous intima, the cells of the 
cardia which secrete the peritrophic membrane press directly 
upon this solid plug. The arrangement in the adult of Droso¬ 
phila (figured by Ohatton, 1920) is precisely the same and 
represents a condition intermediate between that present in the 
larvae of the Nematocera and in the adults of the Muscidae. 
In these the oesophageal invagination is everted funnel-wise and 
reflected over the enlarged epithelial cells which produce the 
membrane (Wigglesworth, 1929). One result of this change is 
that the diameter of the press is enlarged so that the diameter 
of the peritrophic membrane also is greatly increased. 

4. Formation op the Peritrophic Membrane in other 
Orders op Insects. 

"Where the peritrophic membrane is a strictly uniform tube, 
as it is in the Diptera, it is difficult to conceive any mechanism 
by which it could be formed unless this be in the nature of an 
annular mould or press. It was to be expected, therefore, that 
similar structures would be found in insects of other orders, and 
as will be shown in the account which follows, these have been 
observed in most of the main orders that have been examined. 

(a) Hymenoptera. 

In the larva of the wasp and bee, Anglas (1901) believed the 
peritrophic membrane to be secreted by large mid-gut cells which 
overlie the oesophageal valve, but no flattening mechanism 
was described. I have not examined these insects, but in a 
H ma.11 saw-fly larva (Tenthredinidae) the peritrophic membrane 
arises from a ring of special cells in the cardia. Below this ring 
the oesophageal valve is pressed against the wall of the gut 
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either by the distension of the contained sinuses with fluid 
(Text-fig. 4 a), or by pressure of the gut contents as they pass 
through the valve. The membrane is composed of chitin. 

Text-pig. 4. 



‘Oesophageal valve’ of saw-fly larva (A) and Bo mb us adult (B). 
1, sphincter muscle; 2, longitudinal muscle; 3, cells secreting 
peritrophie membrane; 4, sinuses; 5, peritrophic membrane; 
6, circular muscle of mid-gut. 


in the adult of the bumble-bee (Bo mb us) Swingle (1927) 
states that the membrane is secreted by a collar of cells around 
the base of the oesophageal valve. The valve itself he figures in 
a collapsed state with folds of thin chitin trailing down the 
mid-gut ; and this indeed is the usual appearance of the valve in 
mounted specimens; but if the gut of a freshly killed bumble¬ 
bee is dissected in normal saline, the valve will often be found 
tensely distended with fluid so that it is pressed against the wall 
of the mid-gut (Text-fig. 4 b) and the sleeve-like peritrophic 
membrane may be traced forwards over its surface to the ring 
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of cells by ■which it is produced. The precise mecha nis m by 
which the sinuses of the oseophageal valve, in this insect and 
others, are distended with fluid, is not clear; but the valve in 
the bee contains well-developed longitudinal and circular muscles 
at its base and these may play a part. In Text-fig. 4 b the mem¬ 
brane is shown as arising from the basal fold alone. It is uncer¬ 
tain whether the succeeding rings contribute to its formation ; 
but if they do, this would account for the fact that in longitudinal 
sections the thickness of the membrane is seen to increase 
gradually up to the end of the oesophageal valve and then to 
remain constant. Furthermore, when the membrane is carefully 
dissected out in the fresh state it may sometimes be seen to be 
composed of several concentric layers. This membrane is 
chitinous. 

In the honey-bee (Apis) Pavlovsky and Zarin (1922) and 
Snodgrass (1925) describe the peritrophic membrane as being 
produced by repeated delamination of the surface membrane 
of the mid-gut, brought about by the secretion pressure of the 
cells below. Certainly the membrane consists of a number of 
concentric layers, and between these layers are fragments of 
cytoplasm, often containing nuclei, which have clearly been shed 
off from the epithelium. It would be surprising, however, to 
find two such different modes of origin for the membrane in 
related forms with their anatomy so similar as the bumble-bee 
and the honey-bee. Moreover, the membrane gives the reactions 
of chitin, a fact which does not support the idea that it is Bhed 
off from the entire mid-gut. 

A number of longitudinal sections of the mid-gut of the 
honey-bee have been examined. In these the appearance of the 
mid-gut cells varies considerably with the state of digestion; 
but in some sections they are precisely as figured by Pavlovsky 
and Zarin; overlaid by a number of delicate concentric mem¬ 
branes with cellular debris between, and it is impossible to 
doubt that these membranes are derived from the cells imme¬ 
diately beneath them. On the other hand, the main mass of the 
membrane always arises clearly from the anterior end of the 
mid-gut. Text-fig. 5 is typical of sections in this region. It will 
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be seen that the greater part of the membrane is streaming off 
the first fold of the mid-gut at the base of the oesophageal valve. 
Succeeding folds contribute to the membrane, but in diminishing 
degree, as the folds succeed each other down the gut. 

Text-fig. 5. 



longitudinal section of anterior end of mid-gut in Apis. 1, 
sphincter muscle; 2, cells of‘ oesophageal valve 5 ; 3, blood sinus 
in collapsed state; 4, basal fold of mid-gut, from which the 
greater part of the peritrophic membrane is arising; 5, smaller 
contributions to the membrane by succeeding folds; 6, peri¬ 
trophic membrane. 

It must, therefore, be concluded that the peritrophic mem¬ 
brane of the honey-bee is of two-fold origin ; a chitinous basis, 
itself composed probably of several concentric tubes, secreted 
at the anterior end of the mid-gut; and a series of indefinite 
membranes which condense upon the outside of this as it pro¬ 
ceeds down the gut. 1 The pressing of the basic membrane is 
probably brought about in the same way as in Bombus; but 
the efficiency of this press, at least in the honey-bee, is not so 
great as of those described in the Diptera, and the membrane is 
not such a clean-cut and uniform tube. 

1 I have not actually demonstrated that tbe inner layers are chitinous 
and the outer layers not chitinous. F. L. Campbell (1929), Ann. Ent. Soc. 
Amer., xxii., has also shown the presence of chitin in the peritrophic 
membrane of the bee. 
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(6) Coleoptera. 

A peritrophic membrane is present in many Coleoptera, 
though it is said to be absent in certain of the carnivorous groups 
(Carabidae, Dytiscidae). Por the purpose of this paper it has 
been studied in the larva of Tenebrio molitor and the 
adult of Coccinella septempunctata. In both of these 

Tbxt-ito. 6. 



• 3 m m 


‘ Oesophageal valve’ of young larva of Tenebrio molitor (A) 
and Coccinella adult (B). 1, sphincter muscle; 2, longitudinal 
muscle; 3, rigid ring of chitin-covered cells forming the inner 
surface of the ‘ press 1 ; 4, cells secreting peritrophic membrane; 

5, peritrophic membrane; 6, wall of mid-gut. 

a press is present (Text-fig. 6 a, b) and in both of them the 
membrane is chitinous. 

(c) Lepidoptera. 

Vignon (1901) examined the oesophageal valve of the silk¬ 
worm. He could not detect any mechanism for flattening the 
peritrophic membrane and concluded that this was formed by 
the condensation of secretion from the general epithelium of the 
mid-gut upon the surface of the gut contents; and associated 
with this mode of origin he noted that the thickness of the 
membrane varied greatly in different parts. Bordas (1911) 
studied the intestine in a great many lepidopterous larvae and 
found in every case that the peritrophic membrane was secreted 
by a ring of deeply staining granular eells around the base of 
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the oesophageal valve. No mechanism for pressing the mem¬ 
brane was described. 

The questionhas been re-investigated in the larva of Gheima- 
bacche fagella (Oecophoridae), Ephestia kuhniella 
(Pjralidae), and Sitotroga cerealella (Gelechiadae). In 

Text-fig. 7. 


i_Isa_, 

A, ‘oesophageal valve’ of lepidopterous larva (Cheimabacche 
fagella). 1, sphincter muscle; 2, invaginated portion of fore- 
gut ; 3, cells secreting peritrophic membrane; 4, peritrophic mem¬ 
brane ; 5, mid-gut; 6, gut contents. B, surface view of one of 
the three delicate leaflets which compose the invaginated portion 
of the fore-gut (2). 

all these the oesophageal valve hangs down into the mid-gut 
as a most delieate curtain made up of several overlapping leaflets 
which, in Cheimabacche fagella, are three in number 
and are regularly fringed at the lower border (Text-fig. 7 b). In 
the normal state of the larva the gut is always firmly distended, 
and this chitinous curtain is pressed against the epithelium of 
the mid-gut and not drawn inwards as it would be were it acting 
as a valve (Bordas, 1911). 1 So long, therefore, as the gut is 
1 The incompetence of this structure to serve as a valve may be demon¬ 
strated by removing the head of a freshly killed larva. The contents of 
the mid-gut are instantly driven forwards into the fore-gut, often carrying 
with them the peritrophic membrane and causing retroversion of the 
‘ oesophageal valve 
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distended, the * oesophageal valve ’ will constitute a more or 
less efficient press for the peritrophie membrane, which extends 
forwards beneath it to the anterior limit of the mid-gut (Text- 
fig. 7 a). In those larvae in which the valve contains blood 
sinuses (as described by Bordas in I o i r e n e) these may perhaps 
become distended and press upon the membrane as observed in 


Text-pig. 8. 



* Oesophageal valve’ of flea larva (Ceratophyllus wickhami) 

(A) and of termite (B). 1, sphincter muscle; 2, longitudinal 
muscle; 3, chitinous ring forming inner surface of ‘press’; 

4, cells secreting peritrophie membrane; 5, peritrophie mem¬ 
brane ; 6, mid-gut; 7, blood sinus. 

the tenthredinid larva (Text-fig. 4 a). As in the other insects, 
the membrane in the lepidopterous larva is chitinous. 

(d) Aphaniptera. 

In the larva of Ceratophyllus wickhami (Text-fig. 
8 a), the oesophageal invagination does not bear even a super¬ 
ficial resemblance to a valve. The margins of the invagination 
are composed of thickened chitin and are reflected over and 
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closely applied to the cells -which secrete the peritrophic 
membrane. 

(e) Isoptera. 

The general appearance of the crop, the proventrictdus and 
the upper end of the mid-gat in the termite is strikingly similar 
to that in the bumble-bee, and the similarity extends to the 
mode of origin of the chitinous peritrophic membrane (Text- 
fig. 8 b). It should be noted that the base of the oesophageal 
valve is surrounded by an annular fold which secretes the mem¬ 
brane, but that the succeeding projections from the wall of the 
gut are villi and not complete circular folds as they are in 
Bombus, The oesophageal valve is a hollow vascular struc¬ 
ture as in the bee, and again the pressure is probably effected 
by its distension with fluid. 

(f) Neuroptera. 

The alimentary tract in the larva and adult of Chrysopa 
was studied by McDunnough (1909). He considered that in the 
larva the peritrophic membrane was secreted by the general 
epithelium of the mid-gut. In the adult he observed that the 
membrane was attached at the anterior end of the mid-gut to 
a ring of deeply staining columnar cells around the base of the 
oesophageal valve. He did not, however, regard these cells as 
the source of the membrane, but believed that it arose by separa¬ 
tion of the surface-layer of the epithelial cells of the mid-gut, 
and that this separation failed to occur in the neighbourhood 
of the oesophageal valve. 

A few larvae of Hemerobius have been examined. The 
peritrophic membrane was found to be composed of chitin, but 
its mode of origin was not determined. As shown by McDun¬ 
nough in Chrysopa, the oesophageal valve in these larvae is 
very much reduced. In a single adult of Hemerobius the 
structure of the oesophageal invagination was precisely similar 
to that figured by McDunnough in Chrysopa. In the living 
state the sinuses in the invagination were firmly distended 
and in contact with the wall of the gut below the ring of 
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cells to which the peritrophic membrane was attached. There 
seems no reason to doubt that the manner of production 
of the membrane is the same here as in the other insects 
described. 

(g) Odonata. 

The formation of the peritrophic membrane in the larva of 
Aeschna was carefully studied by Voinov (1898); and since 
his conclusions are at variance with those recorded in this 
paper it is necessary to consider the question in some detail. 
Voinov observed a ring of deeply staining columnar cells at the 
point of junction of the fore-gut and mid-gut in the larva of 
Aeschna, and he noted that the peritrophic membrane was 
attached to this ring of cells. He did not believe, however, that 
they were responsible for its formation. He considered the 
membrane to be the striated border of the cells of the mid-gut 
separated by the globules of secretion beneath; and stated that, 
in sections, the peritrophic membrane may be seen in places to 
become continuous with the striated border. Not having the 
conception of an annular press, he points out with perfect justice 
that the production of a membrane by a simple ring of cells is 
* incomprehensible ’. 

. Larvae of Aeschna have been studied by dissection, by 
clearing and mounting the gut entire, and by microscopic 
sections. The usual appearance of the gut in longitudinal 
section is seen in Text-fig. 9 a, which shows the extensive 
invagination of the fore-gut and the attachment of the peri¬ 
trophic membrane near the free border of this invagination. No 
pressing mechanism can be seen. This, however, is the appear¬ 
ance in the fasting larva ; whereas the production of the peri¬ 
trophic membrane will be most active after a meal. A number 
of larvae were therefore given a copious feed of Lucilia 
maggots and examined at varying intervals thereafter. Many 
of the larvae in this series showed the appearance indicated in 
Text-fig. 9 b. The invagination of the fore-gut was not so 
extreme, and the ring of deeply staining cells now lay nearer 
the front end of the mid-gut. The circular sinuses in the free 
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margin of the invagination were more or less distended, coining 
in contact with the wall of the mid-gut beyond the ring of cells, 
and forming a press for the secretion of these cells, which issued 
from the cleft as the peritrophic membrane. 

There seems little doubt that the mode of formation described 
in the other insects in this paper obtains also in the larva of 
Aeschna; and here again the membrane is composed of 


Text-fig. 9. 



e Oesophageal valve* of the larva of A e s c hn a. A, in position of re¬ 
laxation; B, drawn forwards, with sinuses distended. 1, sphincter 
muscle; 2, longitudinal muscle; 3, blood sinuses; 4, chief cells 
secreting peritrophic membrane; 5, cells which contribute to the 
membrane; 6, wall of mid-gut; 7, peritrophic membrane com¬ 
posed of several layers* 

chitin. On the other hand, the histological changes m the mid- 
gut as figured by Voinov undoubtedly occur, and, at certain 
stages of digestion, indefinite membranes formed from the mid¬ 
gut secretion separate from the cells and condense upon the 
contents of the gut. But these membranes are merely added 
to the outside of the chitinous tube which is the peritrophic 
membrane proper. 1 A further complication arises from the fact 
that the cells of the mid-gut adjacent to the initial ring alsd 
contribute to the membrane (see Text-fig. 9 b). The result is 

1 Bee foot-note, p. 604* . 
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that the peritrophic membrane in this insect, as ordinarily 
observed, is a somewhat indefinite structure derived from a 
number of sources. 

(h) Orthoptera. 

Cuenot (1896) described the peritrophic membrane in Peri- 


Text-fig. 10. 



c Oesophageal valve * of Blatella germanica (A) and Bor- 
ficnla (B). 1, sphincter muscle; 2, blood sinus; 3, rigid ring 
of chitin; 4, cells secreting peritrophic membrane; 5, peri¬ 
trophic membrane; 6, circular muscle actuating the 6 press’; 
7, epithelium of mid-gut. 


planeta and Ectobia as being secreted by a ring of special 
cells at the base of the oesophageal valve. 

In Blatella germanica (Text-fig. 10 a) the arrangement 
is similar to that figured by Cuenot in Ectobia. The oeso¬ 
phageal valve is long and thin-walled, and, in freshly killed 
insects dissected in normal saline, is often found to be distended 
with fluid, so forming an efficient press for the ehitinous peri¬ 
trophic membrane. 

NO. 292 S S 
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(i) Dermaptera. 

Cuenot (1895) figured the peritrophic membrane in the ear¬ 
wig (I’orficula)as derived from special cells as in the Ortho- 
ptera, but he did not describe any flattening mechanism. On 
re-examining this insect, however, it was apparent at once that 
the secretory cells in question are large and extensive, and that 
their secretion passes through a very rigid and efficient press 
(Text-fig. 10 b). It is not surprising, therefore, that the peri¬ 
trophic membrane in the earwig should be a very well-defined 
and tough chitinous tube. 

5. Discussion. 

It is the current opinion of most writers upon the peritrophic 
membrane of insects that this is a different morphological 
structure in different orders; an opinion supported mainly by 
the observations on the honey-bee (Apis) and on the larva of 
the dragon-fly (Aeschna), which have already been discussed. 
The observations recorded in the present paper do not entirely 
refute this view; but they serve to show, on the one hand, that 
wherever a peritrophic membrane is present it is composed of 
ehitin, and, on the other, that an annular press is very frequently 
responsible for its formation. The work is not sufficiently 
extensive to warrant any generalization, but it does suggest 
that the so-called ‘ oesophageal valve ’ of insects, which, under 
the non-committal Jerm of ‘ Biissel ’, Schneider (1889) showed 
to be of such widespread occurrence, never functions as a valve 
at all, but always as a sphincter between the fore-gut and the 
mid-gut, and frequently as a press for the peritrophic membrane. 

The mechanical efficiency of this press varies greatly from 
one order to another; and the mechanism attains its most 
specialized forms in the Diptera. It is not surprising that the 
perfection of the peritrophic membrane should run parallel irith 
the refinement of the press in which it is milled. Where the 
press is best developed the cells which produce the membrane 
are most clearly differentiated. Where the press » less efficient 
(as is well seen in Apis and in the larva of Aeschna) the 
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specialization of certain cells for the production of the membrane 
is incomplete; and although the greater part of the substance 
is derived from the anterior end of the mid-gut, the cells further 
back contribute to it to some extent. This suggests the possi¬ 
bility that in yet other insects (or other Arthropods) the pro¬ 
duction of the membrane may be more generalized still, and 
distributed throughout the length of the mid-gut. 1 2 * 

With regard to the composition of the peritrophic membrane, 
it is interesting to recall certain observations by Wester (1910). 
On examining the mid-gut of various arthropods he noted that 
this was completely lined with chitin in Periplaneta and 
Melolontha, thoughnotin Dytiscus. In Scolopendra 
there was chitin in one specimen but not in another. Wester 
does not appear to have been familiar with the peritrophic 
membrane, but his results may be readily understood in the light 
of what is known of the distribution of that structure.. 

As to the function of the peritrophic membrane, no direct 
evidence can be adduced. It is present in the majority of insects, 
and its distribution is generally said to follow fairly closely the 
nature of their food. It is present, for example, in the more 
primitive orders, but has been lost in the Hemiptera and in 
adult Lepidoptera, insects which feed only upon fluids, and in 
the Carabidae and Dytiscidae among Coleoptera, in which 
digestion is extra-intestinal. It is, therefore, said to be 4 pro¬ 
tective * to the epithelium. No such structure, however, is 
present in the alimentary canal of vertebrates; but there the 
entire tract is furnished with mucous glands, which provide the 
epithelium with a protective coating of mucin, lubricating the 
solid masses in the gut. Mucous glands are entirely wanting in 
the alimentary tract of insects, 2 and it is possible that their 

1 Baibiani (1890) states that in Cryptops (Myriapoda), in which 
oesophageal invagination is wanting, the peritrophic membrane is a product 
of the general epithelium of the mid-gut. 

2 The e goblet cells 9 recently described by Henson (1929) in the larva of 
Vanessa urticae (Lepidoptera), and which contain material 6 optically 

indistinguishable from striated border 9 , appear to be of a different nature 

from the mucous glands of the vertebrate gut. 

S S 2 
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function is served by the peritrophic membrane. It has been 
shown in the case of the tsetse-fly to be freely permeable to the 
digestive enzymes and to the products of digestion (Wiggles- 
worth, 1929). 

6. Summary. 

In the larvae of mosquitoes (Anopheles, Culex; and 
Aedes) the secretion from the cells of the cardia, in the pro- 
ventriculus, is drawn through an annular press and thereby 
moulded to form the peritrophic membrane. The mechanism 
of this press has been described in detail. 

It seems probable that, throughout the Diptera, the peri¬ 
trophic membrane is formed by similar mechanisms. Figures 
are given of those in the larvae of Sciara (Cecedomyidae), 
Rhyphus (Rhyphidae), and Telmatoscopus (Psycho- 
didae). 

Analogous structures (a zone of secreting cells in connexion 
with an annular press) have been found in most of the main 
orders of insects, as follows : Hymenoptera [adult of Bombus 
and Apis and the larva of a saw-fly (Tenthredinidae)]; 
Coleoptera [larva of the mealworm (Tenebrio molitor) and 
the adult of Coccinella]; Lepidoptera [larvae of Cheima- 
bacche fagella (Oecophoridae), Sitotroga cerealella 
(Gelechiadae) and Ephestia kuhniella (Pyralidae)]; 
Aphamptera {larva of Ceratophyllus wickhami); Iso- 
ptera ; Neuroptera (adult ofHemerobius); Odonata (larva 
of Aeschna); Orthoptera (Blatella gefmanica); and 
Dermaptera. 

In every case, in addition to its function as a press, the 
so-called 4 oesophageal valve * was found to act not as a valve 
but as a sphincter. 

In the honey-bee (Apis), the larva of the dragon-fly 
(Aeschna), and possibly in other insects, inde fini te membranes 
are shed off by the cells farther back in the mid-gut, and added 
to those produced in the annular press. 

In all the insects examined, chitin formed the basis of the 
peritrophic membrane. 
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The observations recorded give a coherent significance to 
much of the previous work on the subject, which, before, 
appeared contradictory. 
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I. Introduction. 

In two recent papers on saw-fly oogenesis the writer (4 and 5) 
has shown that, in the three species investigated, the oxyphil 
and basophil nucleoli give rise to buds which are extruded into 
the ooplasm; and in a former contribution (Peacock and 
Gresson, 9) certain points relating to the behaviour of the nurse- 
cells and follicle-cells have been described. By means of Feul¬ 
gen’s technique further light has been thrown on certain of the 
phenomena already recorded. 
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II. Pbevxous Woek. 

Feulgen’s * Nuclealreaktion ’ (3) is based on Sehiff’s test for 
aldehydes and is considered a specific stain for chromatin. Thus 
Ludford (8) states that ‘ the general consensus of opinion is that 
the method provides a precise microchemical colour reaction 
for thymusnudeie acid protein complexes. No other cell- 
structures, or inclusions of any kind are stained, when the correct 
procedure is employed.’ 

Koch (7) has used this method for the study of the oogenesis 
of Chilopods. Chromatin was demonstrated in the oogonia 
and follicle-cells, but was not observed in the oocytes; he con¬ 
cludes that the chromatin undergoes a profound chemica l 
change during the growth of the oocyte. 

During the oogenesis ofLimnaeastagnalis Ludford (8) 
states that * scarcely any chromatin is distinguishable in the 
nucleus by Feulgen’s method Some of the nuclei showed a 
* faint purple colouration so that he is 1 inclined to believe 
that the chromatin is so finely dispersed in the nucleus as to 
render its demonstration impossible by this method ’. 

It may be, however, as Koch has suggested, that during 
oogenesis the chromatin undergoes profound chemical changes. 
Ludford could not detect chromatin in either the oxyphil or 
basophil staining nucleoli, but the nurse-cells contained a large 
amount. 

In the young oocyte of the mouse Ludford (8) finds that the 
nucleus contains, in addition to small granules of chromatin, 

‘ a considerable amount of material which stains with light 
green The nucleolus does not contain chromatin, ‘ although 
small granules frequently lie in contact with it ’. The chromatin 
does not appreciably increase in amount during the growth of 
the oocyte but the non-chromatinic material does. 

In a former contribution (Peacock and Gresson, 9) the nurse- 
cell nuclei of Thrinax mixta and Allantus pallipes 
(as well as those of certain other species not dealt with in the 
present work) were described as being covered by a cloud of 
darkly staining granules of chromatin, while the appearances of 
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the nuclear material indicated that the 'nuclei were undergoing 
a period of activity. Thus in the early nurse-cells ofAllantus 
pallipes the nuclear material is aggregated into a compact 
mass, while in the older cells these masses become fragmented 
and distributed in the nuclei. It was concluded that the 
chromatin granules in the cytoplasm originated from the nurse¬ 
cell nuclei and finally gave origin to accessory nuclei. It should 
be pointed out that as the Allantus pallipes material 
was treated by Bensley’s method, while the Thrinax mixta 
ovaries were fixed in Bouin’s fixative and subsequently stained 
in iron haematoxylin, it was highly desirable that the pheno¬ 
mena be reinvestigated with the aid of a specific stain for 
chromatin. 

In Thrinax mixta some of the follicle-cells revealed the 
presence of darkly stained granular material probably originating 
from the nucleus. Later the granules pass out of the follicle- 
cells into the oocyte, where, it was thought, they may give rise 
to accessory nuclei. 

In the same paper it was stated that the nucleolar buds gave 
origin to accessory nuclei. This, however, has subsequently been 
shown by the writer not to be the case in Thrinax macula, 
Allantus pallipes (4), and Thrinax mixta (5). 

In Thrinax macula an oxyphil nucleolus becomes 
separated from the original basophil nucleolus of the early 
oocytes and in Thrinax mixta an oxyphil nucleolus appears 
close to the basophil nucleolus of the oocyte; later both types of 
nucleoli give rise to buds which are extruded to the ooplasm. 
In Allantus pallipes the early basophil nucleolus changes 
as a whole from basophil to oxyphil, the basophil material being 
represented by spherical bodies with basophil granules residual 
after the transformation of the original nucleolus. 

The Thrinax mixta material showed clearly that the 
basophil extrusions pass through the nuclear membrane and 
become dissolved in the ooplasm; the fate of the oxyphil 
extrusions is probably closely similar. In the present contribu¬ 
tion Thrinax mixta and Allantus pallipes material 
is reinvestigated in order to determine if chromatin granules 



620 


R. A. R. GRESSON 


are passed from the nurse-cell nuclei into the cytoplasm as well 
‘as extruded into the ooplasm from the follicle cell nuclei or with 
the nucleolar extrusions. 

To summarize : granules described as chromatin occur round 
the nurse-cell nuclei of certain saw-flies; they originate from 
the nuclei. In Thrinax mixta darkly stained granules are 
passed from the follicle-cells to the oocytes; both types of 
emissions give origin to accessory nuclei. In Thrinax mixta, 
Thrinax macula, and Allantus pallipes oxyphil and 
basophil nucleolar extrusions occur; these become dissolved 
in the ooplasm. Koch, for Chilopods (7), believes that during 
the growth of the oocyte the chromatin undergoes a chemical 
change. In Limnaea stagnalis Ludford (8) is inclined to 
believe that during oogenesis the chromatin is so finely dispersed 
as to render its demonstration by Feulgen’B method impossible; 
he could not detect chromatin in either the oxyphil or basophil 
nucleoli. In the mouse (op. cit.) the nucleolus does not contain 
chromatin; the chromatin does not appreciably increase in 
amount during the growth of the oocyte. 

III. Material and Methods. 

The material for this paper was obtained from specimens of 
Thrinax mixta K3. and Allantus (Emphytus) pal¬ 
lipes Spin. (Enslin,2), the former species in April 1929 from 
pupae which had hibernated in the larval condition, the latter 
from corresponding stages in June 1929. 

In all cases the following procedure was adopted ; the ovaries 
were dissected out in saline solution and immediately fixed in 
corrosive acetic fixative; sections were cut 5/x in thickness, 
subsequently treated by Feulgen’s method 1 and counter stained 
in light green. 

1 Stain prepared from Grubler’s basic fuchsia gave the Feulgen reaction, 
while that prepared from another source did not do so, and, in fact, caused 
great trouble and loss of time. This observation is supported by Miss M. A.M. 
ITullegar, B.Sc., of this department, who very kindly paralleled certain of my 
tests with my material and also with her own research material consisting 
of mammalian spleen, Oligochaetes and Sporozoans. 
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The above material was checked against ovaries fixed in 
corrosive acetic fixative and stained in Mann’s methyl-blue 
eosin. 

IV. Observations. 

1. Nurse-cells. 

Certain of the Allantus pallipes material proved to be 
less advanced in development than the other ovaries of the 
series. In this material the chromatin of the early undifferen¬ 
tiated nurse-cells at the proximal end of the ovarioles, as revealed 
by Feulgen’s 4 nuclealreaktion exist in the form of large 
granules, the majority of which occur close to the nuclear 
membrane (fig. 1, PL 37). With the growth of the cells a nuclear 
network (which gives the chromatin reaction) makes its appear¬ 
ance, and in it small chromatin granules are distributed ; the 
large granules of the younger cells are no longer present (fig. 2, 
Pl. 37). The exact structure of the nuclear network is difficult 
to determine, as it is revealed as an indefinite background to 
the granules. After treatment by Feulgen’s method both 
chromatin granules and network take on a purplish colouration. 
In the nurse-cells situated in the fully formed nutritive 
chambers towards the posterior end of the ovarioles, the network 
extends throughout the entire nucleus leaving only small spaces, 
free of chromatin, between its meshes ; the chromatin granules, 
as in the earlier cells, are distributed in the network (fig. 7, Pl. 37). 
In Thrinaxmixta the ovarioles were more highly developed 
and consequently the youngest cells were more mature than the 
earliest nurse-cells described for Allantus pallipes. In 
the former species the chromatin of the nurse-cells exists in the 
form of granules distributed throughout the nuclei. Many 
granules occur clumped in small groups, thus leaving several 
unstained spaces in the nuclei (fig. 8, Pl. 37). A network does 
not seem to be present, but a few granules gave the appearance 
of being connected by threads. In no case were granules identi¬ 
fiable as chromatin observed outside the nuclear membrane nor 
were accessory nuclei shown in the cytoplasm. 

In material stained with Mann’s methyl-blue eosin the nuclei 
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of the early nurse-cells of Thrinax mixta were revealed as 
faintly basophil bodies in which small vacuoles may be present 
(fig. 8, PI. 37). In a slightly older stage the vacuoles are greater 
in size and number, while the nucleolus is more strongly basophil 
(fig. 4, PI. 37). Later, the nucleolus breaks up, liberating several 
basophil bodies containing vacuoles (fig. 6, PI. 37). These in 
turn appear to fragment as, in the older nurse-cells towards the 
posterior end of the ovarioles, the nuclei contain several basophil 
bodies (fig. 6, PI. 37). In Allantus pallipes the behaviour 
of the nucleoli of the nurBe-cells is closely similar, and although 
the basophil bodies may remain in contact with the original 
nucleolus for some time, ultimately fragmentation takes place. 
The nucleolus and bodies originating from it are not so strongly 
basophil as in Thrinax mixta. 

Prom the above account it will be seen that the nucleolus 
and basophil bodies correspond to the ‘ nuclear material ’, the 
behaviour of which was described in a former contribution (9); 
however, owing to the methods then employed, the chromatin 
granules could not be differentiated from the basophil material. 

2. Follicle-cells. 

The behaviour of the chromatin of the follicle-cells appears to 
closely resemble that of the nurse-cells already described. In 
the follicle-cells surrounding the early oocytes the majority of 
the chromatin granules are situated in the vicinity of the nuclear 
membrane. The structure of the nuclei, however, is more easily 
determined in the older cells. 

Thus in Allantus pallipes the granules were seen to be 
distributed in a nuclear network in a like manner to those of the 
nurse-cells (fig. 11, PI. 37), while in Thrinax mixta they 
occur scattered through the nucleus, some.few appearing to be 
connected by a thread (fig. 10, PI. 37). In the late oocytes after 
yolk-formation the follicle-cells become somewhat flattened and 
at the same time the nuclei lose their rotundity and become 
elongate (figs. 10 and 12, PI. 37). In this stage the nuclear 
network of the Allantus pallipes follicle-cell nuclei is not 
present, the chromatin granules occuring scattered through the 
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nucleus as in T hr in as mixta (fig. 12, PL 37). The nucleoli 
of the follicle-cells of the two species of saw-flies examined, as 
revealed by material stained in Mann’s methyl-blue eosin, are 
basophil (Text-fig. 1). In many of the cells surrounding the 
late oocytes the nucleoli have become broken up and are repre- 


Text-eigs. 1 and 2. 



Fe nu 



I_i_1 

Thrinax mixta. Follicle-cells from young oocyte, /.e., follicular 
epithelium; f.c., follicle-cells; nu., nucleolus; oo., ooplasm. 
Thrinax mixta. Follicle-cells from late oocyte. Lettering as in 
Text-fig. 1. 

sented by large basophil masses ; in most cases the latter remain 
in contact (Text-fig. 2). 

In Thrinax mixta the cytoplasm of the follicle-cells is 
basophil. Many cells, however, proved to be more strongly 
basophil than their neighbours, while others contained a large 
amount of deeply basophil material situated between the cell 
nuclei and that part of the cell-membrane adjoining the oocyte 
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(Text-figs. 8 and 4). This material, no doubt, corresponds to the 
darkly stained granular material described in a former contribu¬ 
tion (9), but in no case were granules observed passing from 
follicle-cell to oocyte. InAllantuspallipesthe follicle-cells 
do not appear to contain this deeply basophil material. 




'OIm.m. 

1_I-1 

Text-figure3: Thrinax mixta. Showing follicle-cell more deeply 
basophil than its neighbours, sp., unstained spaces in cytoplasm; 
other lettering as in Text-fig. 1. 

Text-figure 4: T hr in a x m i x t a. Showing deeply basophil material 
^fofiicle-eelL d.m., basophil material; other lettering as in Text- 

Many of the follicle-cells contained unstained spaces which 
gave to the cytoplasm a vacuolated appearance, this condition 
being particularly noticeable in the deeply basophil material of 
some of the cells mentioned above (Text-fig. 3). Its significance 
was not determined. 
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3. Oocytes. 

In Allantus pallipes the young oocytes at the proximal 
end of the ovarioles contained chromatin granules distributed 
on a nuclear network (fig. 9, PI. 37), but in the older cells no 
chromatin was demonstrated by Feulgen’s method, the nuclei 
containing only material which stained with light green. As 
previously stated the ovarioles of Thrinax mixta were 
more highly developed, consequently the oocyte nuclei of this 
material did not reveal the presence of chromatin. In neither 
species did the oxyphil or basophil nucleoli give the reaction for 
chromatin. If chromatin is passed out of the nuclei with the 
nucleolar extrusions of either species, then, owing to the large 
size of the basophil extrusions of Thrinax mixta and of the 
extruded basophil bodies ofAllantuspallipes,its presence 
should be readily detected; an examination, however, failed 
to reveal the presence of chromatin in the ooplasm. 

V. Discussion. 

In the material treated by Feulgen’s method chromatin 
granules were not shown round the nurse-cell nuclei, nor could 
the presence of granules be detected in the cytoplasm; conse¬ 
quently, extrusion of chromatin from nurse-cell nuclei eannot 
take place in Thrinax mixta or Allantus pallipes. 
This shows clearly the danger of drawing conclusions concerning 
chromatin extrusions from material which is fixed and stained 
by the old methods. The whole question of such extrusions needs 
reinvestigation with modern technique such as Feulgen places 
in our hands. The nature of the perinuclear granules previously 
revealed in nurse-cell material stained in acid fuchsin and iron 
haematoxylin was not determined. 

The large masses of 4 nuclear material ’ in the nurse-cell nuclei 
previously demonstrated (9) are shown to consist of material 
originating from the basophil nucleolus, the behaviour of which 
was correctly described in a former contribution (op. eit.), 
although, owing to the methods then used, the exact nature of 
these bodies was not determined. The nucleolar bodies are not 
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extruded to the cytoplasm, but are apparently utilized for the 
nourishment of the developing eggs after the engulfment of the 
nurse-cell nuclei. During the process of fragmentation the 
nucleolar material appears to increase in amount as is evidenced 
by the large number of basophil bodies present in the nuclei of 
the fully formed nurse-cells. 

The deeply basophil material present in many of the follicle- 
cells of Thrinax mixta confirms some previous observations 
on this phenomenon (op. cit.), but in the present investigations 
granules passing from follicle-cell to oocyte were not detected. 
It is possible that some of the larger granules previously 
described were in reality small albuminous yolk-globules which 
were subsequently shown to originate at the periphery of the 
oocyte (Gresson, 5). This confusion could not arise in material 
treated by the methods employed in the present study. Owing 
to the fact that the basophil material is situated in that part of 
the follicle-cells adjoining the oocyte, it may be that some sub¬ 
stance is passed in solution into the ooplasm; however, no proof 
of this supposition was forthcoming. 

The absence of accessory nuclei from the cytoplasm of the 
nurse-cells and from the ooplasm shows that former conclusions 
concerning the origin of these bodies from the nurse-cells, 
follicle-cells, and oocytes of the two species of saw-flies dealt with 
in this paper have to be withdrawn in the light of Feulgen’s 
method. The writer, however, does not deny that accessory 
nuclei may exist in other species of saw-flies, as it has been shown 
that variation in their manner of origin occurs in related forms 
(Buchner, 1), and, more recently, that variations exist in the 
behaviour of the nucleoli of different species (Gresson, 4 and 5); 
hence it is not improbable that accessory nuclei, while absent r 
in some, are present in other members of the group. It is evident 
that with certain technique the basophil and oxyphil nucleolar 
emissions bear a resemblance to accessory nuclei. The present 
contribution, however, shows clearly that in the species under 
investigation they do not contain chromatin but consist solely 
of nucleolar material. It is interesting to note that so long ago 
as 1920, and without the more recent technique, Hogben (6), 
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while discussing the nucleolar extrusions of the dragon-fly, 
Libellula, argues that the Hymenopteran accessory 
nuclei are nucleolar rather than chromatinie in origin; thus, 

£ the oogenesis of Libellula shows that bodies may be formed 
within the plasmosome itself which have as genuine a resemblance 
to true nuclei as the secondary “nuclei” of the Hymeno¬ 
pteran egg: this reinforces the evidence for regarding the latter 
as a product of the plasmosome ; and the undoubted emission 
of nuclear .material during oogenesis no longer necessitates the 
view that the integral continuity of the chromatinie organization 
of the nucleus is interrupted in the diffuse stage \ 

The presence of a small amount of chromatin in the early 
oocytes ofAllantuspallipes agrees with Ludford’s findings 
for the oocytes of the mouse and Limnaea stagnalis (8) ; 
its subsequent disappearance in the older oocytes more closely 
resembles the condition described by Koch for Chilopods (7), 
where chromatin, although present in the oogonia, was not 
observed in the oocytes. Koch concludes that during oogenesis 
the chromatin undergoes a chemical change, while Ludford, in 
order to account for the small amount of chromatin present and 
for a faint purple colouration shown in some of the oocyte nuclei 
of Limnaea stagnalis, believes that the chromatin may be 
so finely dispersed as to render its detection by Feulgen’s 
method impossible; on the other hand, these appearances may 
be due, he states, to a chemical change such as suggested by 
Koch. It would seem that the disappearance of the chromatin 
from the older oocytes of Allantus pallipes and its com¬ 
plete absence from the more highly developed ovarioles of 
Thrinax mixta would support Koch’s view. 

The absence of chromatin from the nucleoli and nucleolar 
extrusions agrees with Ludford’s findings for the mouse and for 
Limnaeastagnalis, where chromatin could not be detected 
in the nucleoli. 1 

1 The writer’s attention has recently been drawn to an abstract (‘ Jap. 
Joum. Zool.’, vol. 2, no. 3, 1929) of a paper by KL. Sato on the nucleolus 
of the bivalve, Oristaria plicata. Amongst other points Sato claims 
that the nucleolus is c a reservoir of chromatin. Insome cases (indegenerating 
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VI. Summary. 

1. By the use of Feulgen’s fi nucleakeaktion ’ certain points 
of Tenthredinid oogenesis have been subjected to closer study. 
The chromatin of the early nurse-cells of Allantus pallipes 
exists in the form of granules, the majority of ■which occur close 
to the nuclear membrane. In the older cells a nuclear network 
appears in which is distributed granules of chromatin. In 
Thrinax mixta, where the ovarioles were more highly 
developed, the chromatin of the nurse-cells occurs as granules 
scattered through the nucleus ; a nuclear network is not present, 
but certain granules appear to be connected by a thread. The 
granules which were shown to surround the nurse-cell nuclei 
(in material treated by Bensley’s method and also by fixation in 
Bouin’s picro-formol and subsequently stained in iron haema- 
toxylin) and which were formerly regarded as chromatin emis¬ 
sions from the nurse-cell nuclei (9) were not revealed by Feul- 
gen’s technique. They therefore cannot be regarded as chroma¬ 
tin. Their precise nature and origin remains undetermined. 

2. The nucleoli of the early nurse-cells of both species, as 
revealed by Mann’s methyl-blue eosin, are faintly basophil. 
Later they break up into a number of basophil bodies which 
undergo fragmentation; formerly (technique and reference as 
in 1) the basophil nucleolus and the basophil bodies originating 
from it were termed ‘ nuclear material 5 undergoing fragmenta¬ 
tion. While this basophil nucleolar material presents a frag¬ 
mented appearance, it increases in amount as evidenced by the 
large number of basophil bodies present in the older nurse-cell 
nuclei. This material is utilized for the nourishment of the egg 

cells, for instance) it is formed from chromatin. The plasmosome is the 
denser part, from which the karyosome and afterwards loose chromatin 
is derived and vice versa \ The accessory nuclei are generally derived from 
the karyosome, sometimes from the plasmosome, but rarely from chromatin. 
Sato suggests that instead of the terms acidophil and basophil * the non¬ 
committal terms deeply staining and lightly staining 9 be used. The writer 
has so far been unable to obtain an original copy of Sato’s paper and 
consequently, owing to lack of detail regarding methods, &c., is unable to 
express a definite opinion on Sato’s claims, but would suggest tha t these 
would probably require revision if the Feulgen technique were employed. 
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after the latter engulfs the nurse-cell nuclei. Nucleolar extru¬ 
sions to the cytoplasm do not occur. 

8. The behaviour of the chromatin of the follicle-cell nuclei 
is similar to that of the nurse-cell nuclei except that in Allan- 
tus pallipes the nuclear chromatin network as demonstrated 
by Feulgen’s technique disappears in the older cells. 

4. The nucleoli of the follicle-cells are basophil. They become 
broken up in the older cells, but in most cases the resulting masses 
remain in contact. Nucleolar extrusions to the cytoplasm do 
not occur. 

5. The occurrence of deeply basophil material in the cytoplasm 
of the follicle-cells of Thrinax mixta stained with Mann’s 
methyl-blue eosin, formerly described for Bouin fixed material 
stained in iron haematoxylin (9), suggests that some substance 
in solution may be passed into the ooplasm; extrusion of 
granules from the follicle-cells to the ooplasm does not take 
place. 

6. The absence or non-visibility of chromatin (Feulgen’s 
technique) from the oocytes of Thrinax mixta, and its 
disappearance from the older oocytes of Allantus pallipes, 
would indicate that the chromatin undergoes a chemical change 
during oogenesis such as suggested by Koch for Chilopods. 

7. The oxyphil and basophil nucleoli of the oocytes do not 
react to Feulgen’s technique for chromatin; this agrees with 
Ludford’s findings for the mouse and forLimnaeastagnalis. 

VII. Conclusions. 

1. Feulgen’s ‘ nuclealreaktion ’ shows clearly that visible 
chromatin is not extruded from the nuclei of nurse-cells, follicle- 
cells, or oocytes; consequently chromatin plays no part in the 
nourishment of the egg, except when it is engulfed with the 
nurse-cell nuclei; nor do accessory nuclei occur in the saw-flies 
under consideration. 

2. A former conclusion (9) that ehromatin or accessory nuclei 
were extruded from nurse-cell, follicle-cell, and oocyte has 
therefore to be withdrawn, but material stained with Mann’s 
methyl-blue eosin confirms previous statements regarding the 

T t2 
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darkly stained cytoplasm in certain follicle-cells, though it fails to 
show the extrusion of granular material from follicle-cell to oocyte. 

3. The darkly stained masses in the nurse-cell nuclei formerly 
termed c nuclear material ’ (9) now prove to be of nucleolar 
origin. 
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EXPLANATION OP PLATE 37. 

The drawings were made by means of a Zeiss camera lucida 
and a Watson * Service ’ Microscope. For all figs, a Reichert 
iq objective was used. The eye-piece was a Hawksley No. 4 X10. 

Lettering. 

basophil bodies originating [from nucleolus; c., cytoplasm ; 
c.gr. 9 chromatin granules; /.c., follicle-cell; f.e. } follicular epithelium; 
n.n., nuclear network; nu., nucleolus; oo., ooplasm. 

Plate 37. 

Figs. 3, 4, 5, 6, 8, and 10 from Thrinax mixta, all others from 
Allantus pallipes* 

Fig. 1.—Early nurse-cells at anterior tend of ovariole. 

Fig. 2.—Nurse-cell from first nutritive chamber showing chromatin 
granules and network. 

Fig. 3.—Nucleus of nurse-cell at anterior end of ovariole showing basophil 
nucleolus. 

Fig. 4.—Later stage showing vacuoles in nucleolus. 

Fig. 5.—Later stage showing basophil bodies which have originated from 
the nucleolus. 

Fig. 6.—Nucleus of nurse-cell from fully formed nutritive chamber 
showing numerous basophil bodies. Note increase in size of nucleus. 

Fig. 7.—Nucleus of nurse-cell from fully formed nutritive chamber 
showing chromatin granules and nuclear network. 

Fig. 8.—From late nurse-cell showing chromatin granules in nucleus. 

Fig. 9.—Nucleus of early oocyte showing chromatin granules and nuclear 
network. 

Fig. 10.—Showing chromatin granules in follicle-cell nuclei. 

Fig. 11.—Follicle-cells; chromatin granules and network in nucleus. 

Fig. 12.—Follicle-cells from late oocyte; chromatin granules in nucleus. 
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Introduction. 

In our previous papers (21) we have fully described the gross 
structural alterations which X-rays produce in bean seedlings ; 
we only briefly discussed the cytological changes, and it is our 
object in this paper to discuss these in greater detail, and the 
modifications produced by altering the dose. 

Previous Work. 

The effect on cells of irradiation (both X-rays and radium) 
has been studied by various investigators. In 1904 Bergonie and 
Tribondeau (2), working with the testis of white rats, formulated 
their well-known law that 4 Immature cells and cells in a state 
of active division are more sensitive to X-rays than are cells 
which have already acquired their fixed adult morphological 
or physiological characters ’. In 1911 Paula Hertwig (8) 
described certain abnormalities of mitosis in irratiated Ascaris 
eggs. In 1927 Strangeways and his co-workers ( 17 , 18 , 19 ) 
found in tissue cultures that the period immediately preceding 
visible prophase is the most radio-sensitive, and Pekarek ( 14 ) 
in 1927 published a long paper dealing with the changes 
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produced in bean-tips as a result of X-radiation. During the last 
year Gatenby and his pupils (6, 7) described changes in the 
Golgi bodies of the testicular cells of irradiated guinea-pigs and 
insects. 

Materials and Technique. 

The majority of experiments herein described were carried 
out on the same commercial brand of Vicia faba seeds, but 
towards the end, the stock was exhausted and so a different type 
of broad bean was used. 

As in our previous work the beans were steeped in water at 
room temperature for 24 hours, then grown in damp sand for 
3 days until the roots measured about 1*6 cm., after which they 
were irradiated. The conditions of X-radiation were : Phillip’s 
metahx tube, Type E, 110 K.V. (7f inch spark gap between 
point and plate) 4 M.A. and a distance of 28 cm. between the 
flat glass dish containing the beans and the anti-cathode of the 
tube. The beans were always covered with black paper during 
irradiation. 

We divided our experiments into three groups. 

First Series.—Irradiated for 8 minutes (in this paper we 
refer to this dose as heavy irradiation). 

Second Series.—Irradiated for 4 minutes (in this paper 
we refer to this dose as medium irradiation). 

Third Series.—Irradiated for 1 minute (in this paper we 
refer to this dose as light irradiation). 

The tips from one or two beans from each of these series were 
cut 1, 5, 10, 15, 20, 30, 45 minutes, 1, l£, 2, 2|, 3, 4, 6, 9, 12, 
15, 18, 24, 36-40 hours, 2, 3, 5, and 7 days after irradiation, 
and sometimes at later periods. As a general rule changes found 
in any one root-tip were verified by cutting another root-tip 
at an exactly similar length of time after irradiation, and usually 
control beans were cut at the same time as the irradiated ones. 

Either Bouin’s fluid or corrosive acetic were used as fixatives. 
About 4 mm. of the tip of the root was left in the former for 
12-24 hours, then dehydrated by leaving for £-1 hour in each of 
the different grades of alcohol and then embedded in paraffin 
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in the usual way. The corrosive acetic was made by adding 
2 cc. of glacial acetic acid to a 6 per cent, solution of corrosive 
sublimate, and the 4 mm. of root-tip were left in this for 
24 hours ; then washed in running water overnight, dehydrated 
and embedded as before. All the sections were cut thick. Two 
methods of staining were employed. The slides were brought 
down to water, and then placed on an electric plate which had 
been heated to 65° C. and 4 per cent, iron alum was poured over 
them from a pipette. They were left there for about 4 minutes, 
care being taken that they did not dry, more cold iron alum 
being pipetted over them as required. At the end of 4 minutes, 
when they were just beginning to steam, they were washed in 
cold water for a few seconds, replaced on the plate and cold 
1 per cent, haematoxylin poured over them. They began to 
steam in 3 minutes, and the heater was then turned off. They 
were left for 8-10 minutes in the haematoxylin, more cold stain 
being added so that they were always well covered. They were 
washed in cold tap-water and differentiated in cold iron alum 
(4 per cent.) in the usual way. 

The other staining method used was that of Feulgen’s ‘Neukleal- 
reaktion’ (5). The slides were brought to water, left in a beaker 
of HCL (heated to 60 C.) for 4 minutes, then left in fuchsin 
sulphurous acid for 3 hours, washed in water containing 
an excess of S0 2 , counter-stained in a 2 per cent, alcoholic 
solution of light green for J second, and then like the iron 
haematoxylin stained slides mounted in balsam. The Neukleal- 
reaktion counter-stained in light green gives an intensely purple 
nucleus and green cytoplasm. 

Very often the control and irradiated bean-tips were fixed in 
the same dish to ensure exactly similar conditions of fixation. 
When this was done the non-irradiated tip was cut a little longer 
than the irradiated one, in order to distinguish them. 
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Extract prom Protocol. 

First Series. 

1, 5, 10, 15 minutes after irradiation.—No depar¬ 
ture from normal. 

20 minutes after irradiation.—Decrease in the 
number of dividing cells, most marked in anaphase and telo¬ 
phase. Some dumped metaphases. 

80 minutes after irradiation.—Further reduction in 
number of dividing cells. 

45 and 60 minutes after irradiation.—Still further 
decrease in number of dividing cells. Majority of metaphases 
clumped. Some abnormal anaphases. 

90 minutes after irradiation.—Further reduction in 
number of dividing cells. Almost all metaphases clumped, 
some pseudo-amitotic figures, and ‘ gummy ’ mitoses. Telophase 
with abnormal distribution of chromatin substance. 

2 and 2£ hours after irradiation.—All metaphases 
clumped. Prophases still normal. 

3 hours after irradiation.—More clumped metaphases 
than any other stage of cell-division. 

6-12 hours after irradiation.—Prophases becoming 
progressively rarer. Diminution in number of metaphases (all 
clumped). Anaphase and telophase stages very rare and then 
abnormal. 

15 hours after irradiation.—Only a few clumped 
metaphases present. 

I and 3 days after irradiation.—No mitosis present. 

5-8 days after irradiation.—Some dividing cells. All 

stages present, mostly abnormal. Early disappearance of 
nuclear wall in prophase, and irregular arrangement of chromo¬ 
somes. ‘ Gummy ’ mitosis and pseudo-amitosis. Many bi- 
nudeate and multi-nucleate cells. 

II days after irradiation.—Decrease in number of 
dividing cells. Abnormalities as before. 

12-19 days after irradiation.—-Radicle had ceased 
to grow. No cell-divisions. Some multi-nucleate cells. 



IRRADIATED BEAN ROOTS 


637 


Second Series. 

1, 5, 10, 15, 20, 30 minutes after irradiation.— 
No departure from normal. 

45, 60 minutes after irradiation.—Slight decrease 
in number of dividing cells, some clumped metaphases. 

90-120 minutes after irradiation.—Number of 
dividing cells definitely decreased, most marked in anaphase 
and telophase, the latter often abnormal. All metaphases 
clumped. 

2J-15 hours after irradiation.—Progressive decrease 
in number of dividing cells, those present mostly prophase and 
clumped metaphase. 

24 hours after irradiation.—Practically no dividing 
cells present. 

2- 3 days after irradiation.—Many cell-divisions 
present, with the exception of early prophase, mostly abnormal. 
Late telophase rare. Multi-nucleate cells abundant. 

5-7 days after irradiation.—More multi-nucleate 
cells, but progressive diminution in number of cell-divisions. 

8-13 days after irradiation.—No cell-divisions. 
Many multi-nucleate cells. 

Third Series. 

1-45 minutes after irradiation.—No departure 
from normal. 

60 minutes after irradiation.—Slight decrease in 
number of dividing cells. A few chromosome bridges and dwarf 
nuclei, usually attached to the main nucleus. 

90-150 minutes after irradiation.—Progressive 
decrease in number of dividing cells. All stages still found. 

3- 12 hours after irradiation.—Many chromosomes 
now show beaded appearance. 

15-24 hours after irradiation.—Cell-division almost 
ceased, but all stages still seen in some sections. Later stages 
very rare. 

36-48 hours after irradiation.—A few dividing cells. 
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All stages, mostly normal. Many bi- and multi-nucleate 
cells. 

3-4 days after irradiation.—Many multi-nucleate 
cells, chromosome bridges and * gummy ’ mitosis. A few normal 
cell-divisions. 

16 days after irradiation.—Very many dividing cells, 
both normal and abnormal. 

The most noticeable result of these experiments is the gradual 
decrease in the number of dividing cells. This phenomenon is 
most marked in the roots of beans irradiated for 8 minutes. 
Here a distinct decrease occurred 20 minutes after irradiation, 
and 15 hours later, mitosis had practically ceased, and this 
condition continued for the next four days. Generally 5-8 days 
after irradiation cell-divisions reappear, but disappear again as 
the seedling dies from 9-18 days after irradiation. 

In the second series a slight decrease in dividing cells was to 
be observed 45 minutes after irradiation. Complete cessation 
never occurs, but almost complete cessation occurs in radicles 
fixed 24 hours after irradiation. Mitosis recommences 2-3 days 
after irradiation, but ceases again 10-12 days later, although 
death of the radicle does not occur for some days. 

In the third series the variation in the number of dividing 
cells is much more gradual. Reduction in number of mitoses 
commences about 1 hour after irradiation, but the numbers 
never fall as low as in the other series, the minimum being 
reached about 24 hours later. Recovery begins 30-36 hours after 
irradiation and numerous cell-divisions are found in material 
fixed 16 days after irradiation. 

To ascertain the cause of the disappearance of mitosis, it is 
at first essential to note how X-rays might affect the cell and 
its nuclear organization. 

Cells * hit ’ by X-rays in some phase of division might be 
acted on in one of the following ways. They might: 

(1) Continue to divide at the normal rate with or without 
nuclear abnormalities. 

(2) Continue to divide, but at a slower rate, with or without 
nuclear abnormalities. 
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(8) Be inhibited from completing mitosis. 

Similarly those cells which are in the interphase 1 at the time 
of irradiation, may: 

(4) All undergo mitosis either normally or abnormally. 

(5) Some undergo mitosis either normally or abnormally. 

(6) None undergo mitosis. 

That cells in the dividing state continue the mitotic process 
in a normal manner is an untenable hypothesis, since abnor¬ 
malities are found in the metaphase 20 minutes after irradiation, 
and these cells could hardly have been in the resting state at 
irradiation, unless the whole process of division had been 
speeded up, and we can find no evidence in our own work, or 
in that of others, to support this view; indeed the whole bulk 
of evidence is more in favour of the theory that X-rays produce 
abnormalities in the dividing cell and may retard or inhibit 
(18,19) the whole process. 

Our investigations lend some support to the conception of a 
slowing down of this process. This is given by the relatively 
large number of clumped metaphases seen in the first and second 
series from 8-15 hours after irradiation. In beans irradiated 
for 8 minutes, 9-15 hours after irradiation, this phase is practi¬ 
cally the only one seen, and the only inference that can be made 
is that the cells are delayed for a long period in this state. 
According to Sharp (16) a certain degree of clumping of the 
chromosomes normally occurs at metaphase in the mitosis of 
many animals and plants, but is of such a short duration 
that it is frequently overlooked in studies on mitosis. The 
ultimate fate of these clumped metaphases will be discussed 
later. 

There is no evidence in support of the third suggestion, that 
the dividing cells are inhibited from completing the cycle; for 
in the first minute series, at least, cut 1-8 days after irradiation, 
no phases of cell-division can be seen. These cells must, there¬ 
fore, have finished their division unless the nucleus disintegrated 

1 By ‘interphase’ we mean the period between the completion of one 
division and the beginning of the next, whether it he of long or short 
duration. 
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or passed straight into the resting state. There is no vestige 
of evidence for either proposition. 

It is obvious that the fourth suggestion is untrue since mitosis 
definitely decreases in number shortly after irradiation, and 
this could not occur if the normal number of cells entered a 
fresh division cycle. 

From a careful comparison of series 1, 2, and 8, taking into 
account the rate at which mitotic figures disappear, it seems that 
few, if any, cells pass into mitosis in the first series, some in the 
second, and a considerable quantity in the third series. 

The most plausible explanation for the gradual reduction in 
the number of cell-divisions seems to us to be that cells in 
division at the time of irradiation complete the process, probably 
at a slower rate than is normal, but the form their mitosis takes 
may be of an unusual kind. Cells in interphase, with the larger 
doses of X-rays, are prevented for at least a considerable time 
from dividing, while smaller doses damage them to a less extent. 

We admit that this explanation does not tally with the general 
belief that the dividing cell is more affected by X-rays than the 
resting or interphase cell. It must, however, be taken into 
consideration that the cells of the meristematic region of a 
root-tip are passing into division at such a rapid rate, that the 
interphase can hardly be spoken of as a resting stage, being 
more correctly a relatively short period between telophasic re¬ 
construction of the nucleus and the beginning of prophase. 
Nevertheless, it certainly is peculiar that the interphase should 
be the critical stage, and we can only suggest that during this 
period some physiological factor which provides the impetus for 
division is disturbed, and is apparently restored before the 
nuclei recover their power of division. 

Strangeways and Oakley (19) cite the stage which imme¬ 
diately precedes visible prophase as being the most radiosensitive. 
Possibly this would be the time at which the lack of this 
‘ physiological impetus ’ is felt. Moreover, if the greater portion 
of the irradiation period occurred, either before or after the cell 
had entered this critical period, the effect of X-rays would be 
less obvious, and instead of the cell being completely inhibited 
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from dividing, it ■would do so to a limited extent, the amount 
of division possible for it to undergo depending on how much 
of the irradiation period coincided with the sensitive time. 


Discussion on Abnormalities observed. 

In the first and second series, the first and most striking 
nuclear abnormality is the appearance of what we have called 
‘ clumped metaphases ’ (fig. 1, PI. 88). In these the ehromatinic 
material is seen to be gathered into a dense mass in which 
discrete chrosomes can seldom be observed, though the degree 
of condensation varies. The spindle fibres can generally be seen, 
but if they are not present it is impossible to tell whether these 
structures are prophases or metaphases. 

In normal bean-tips, similar stages are occasionally met with. 
As mentioned above, this aggregation of chromosomes in late 
prophase or early metaphase probably normally occurs in the 
mitosis of Vicia faba, but is of extremely short duration. 

It is apparent, from the relatively large number of these 
clumped metaphases, and from the fact that material cut at 
12-15 hours after heavy doses, showed practically no stages 
of division except these clumped metaphases, that there must 
be some very considerable delay in this phase—6-12 hours after 
irradiation prophases become progressively rarer, thus there may 
be a delay in the metaphase for at least 8 hours. It seems, from 
the fact that these abnormalities appear 20 minutes after 
irradiation, that they arise from cells which received their 
initial injury in prophase or immediately before prophase. They 
succeeded in passing, more or less, normally into the early 
metaphase, but the mechanism of division being disturbed were 
held up at this stage. Similar condensations of the ehromatinic 
substance have been observed by many workers after the 
application of various agents (for example, Nemec (12) after the 
application of chloral hydrate). 

Strangeways and Oakley found clumped metaphases in tissue 
cultures, which had been allowed to incubate for 80 minutes 
after irradiation. They observed that nuclei in this stage 
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disintegrated and never completed the division. Disintegration 
of the clumped metaphase was never found in the bean root-tips. 
There is a distinct interval of days between the disappearance 
of these stages and the appearance of disintegrating cells. 
Further, since they are only found in material fixed less than 24 
hours after irradiation, it seems that they finally pass out of this 
stage; occasionally nuclei in a state which can only be regarded 
as the passage of these metaphases into anaphase are found. As 
* pseudo-amitotic * figures (figs. 2, 3, 4, PI. 88) appear 30-40 
minu tes after these metaphases are first found, it would seem 
they are in some way connected with one another; it is highly 
probable that the clumped metaphases pass into these forms 
and so complete their division. These pseudo-amitotic figures 
have often been described and their nature discussed—Nemec 
(12), Sakamura (15), Pekarek (14). Our investigations are 
entirely in agreement with the findings of Pekarek (14), and 
there seems to be no doubt that these are not true amitotic 
figures,; we consider them as a sequence of 4 clumped meta¬ 
phase ’, the aggregate mass of chromosomes, being drawn out 
into the dumb-bell shaped or more usually C-shaped pseudo- 
amitotic forms (fig. 8, PI. 88). After light doses of X-rays, the 
first abnormalities which appear in large numbers are the 
4 chromosome bridges ’ (figs. 5, 6, PI. 89). The chromosome 
bridges are seen in late anaphase and telophase. The majority 
of the chromosomes gives rise to the normal diaster appearance, 
but the poles remain connected by one or more elongated 
chromosomes which failed to be included with the rest of the 
chromatinic substance. These bridges may vary in size from 
fine threads of chromatin, which can hardly be distinguished 
from the spindle-fibres except in the slides stained by the 
Neuklealreaktion, when the green stained spindle-fibres can 
easily be distinguished from the purple chromatin. In the other 
cases the chromosome bridges may be very thick; while, again, 
up to 3 or 4 such bridges have been seen in one diaster stage. 
Sometimes these bridges are incomplete, as though gradually 
being absorbed into the polar masses. Occasionally the phrag- 
moplast or cell-plate is found in which the chromosome bridge 
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is still apparent, and even in cells with telophasic reconstruction 
almost complete this abnormality may be seen. 

These structures are not confined to irradiated material, and 
were occasionally seen in the control sections. 

A peculiar observation is that after heavy doses, these chro¬ 
mosome bridges, which are then less numerous than after the 
light dose, do not appear for some days after irradiation, in 
fact, during the recovery period (2-3 days after a 4-minute 
dose, 5-8 after an 8-minute dose). 

The term ‘ gummy mitosis ’ (figs. 6, 7, 8, Pl. 39) has been 
applied to those abnormal anaphases when one or more chromo¬ 
somes remain at the equatorial region while the rest of the chro¬ 
mosomes are separated and pass in the usual way to the poles. 
This type of abnormality has often been described (Mottram 
(13), Pekarek (14), Strangeways and Oakley (19)). 

The division of these abnormalities under the terms 4 chromo¬ 
some bridges 5 and 4 gummy mitosis ’ is more or less arbitrary; 
they are both essentially an asymmetrical distribution of the 
chromatin, the ‘ gummy mitosis ’ being the abnormality in a 
more advanced degree. e Gummy mitoses ’ are a characteristic 
feature during the period of partial recovery after the heavier 
doses, but are seldom present following light irradiation. An¬ 
other abnormality which is found during the recovery period 
in all the series is the quite irregular distribution of the chromo¬ 
somes (fig. 10, PI. 40). It appears that the nuclear wall breaks 
down early in prophase, the spindle often fails to appear, and the 
chromosomes wander off in various directions ; in other cases 
a spindle is formed, but the chromosomes fail to migrate up the 
fibres, and pass into the cytoplasm. 

In the third series the chromosomes often showed a beaded 
appearance (fig. 9, PL 40) (Strangeways, Oakley, Pekarek). 
This abnormality occurs 1J-2 hours after irradiation; it seems 
as though the chromosomes were dividing into component parts 
or even disintegrating, but there is no evidence that the latter 
interpretation is correct, since no nuclear degeneration appears 
at this early period. 

The appearance of bi- and multi-nucleate cells, appears to be 

NO. 292 u U 
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a general sequence to irradiation (Strangeways (17, 18, 19), 
Gatenby and Wigoder (6, 29), Komuro (9), Canti (8), &c.). 
These are cells which contain two or more nuclei, contiguous, or 
separated from one another, sometimes similar, but generally 
dissimilar in size. After the light dose of X-rays the dissimilarity 
in size is very great, one of the nuclei being almost normal in 
size, and the others so small that they might be termed dwarf 
nuclei. 

After heavy irradiation, multi-nucleate cells appeared at the 
time of partial nuclear recovery, i.e. 5-8 days after irradiation 
for 8 minutes and 2-8 days after irradiation for 4 minutes, 
while a few dwarf nuclei are seen so soon as 6 hours after the 
light dose. Many theories have been propounded to account 
for their origin (Strangeways (17), Komuro (9), Sakamura (IS), 
Kroenicke (10), Pekarek (14), &c.). In mammalian tissue, and 
tissue-cultures of chick embryo, coalescence of neighbouring 
cells which have undergone'cytolysis is one possible explanation 
(Strangeways (17, 18, 19), Gatenby and Wigoder (6, 20)), but 
in plant material there is no evidence of cell-fusion. 

From a study of our material several possible explanations 
suggest themselves. Amitosis and budding with the suppression 
of cell-wall formation have been suggested, but the dumb-bell 
shaped figures which have an amitotic appearance are, we 
think, the sequence to clumped metaphase. Further, the phrag- 
moplasts are sometimes found in these cells (fig. 2, PL 38). 
There appears to be better evidence for the view that budding 
from the parent nucleus may occur. In the beans irradiated for 
1 minute, one or more finger-like projections of the nucleus 
were frequently seen, and were most distinct in the sections 
stained by Feulgen’s method. Sometimes a constriction was 
seen at the base of these projections, and as in the same material 
dwarf nuclei appeared in very close proximity to the parent 
nucleus, we thought that budding had occurred. However, on 
comparing control material which had been similarly fixed and 
stained, the same finger-like projections were present, but as no 
dwarf nuclei were seen, we came to the conclusion that the latter 
did not arise by budding, but were probably due to non-inclusion 
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of one or more chromosomes during the reformation of the 
daughter nuclei after division; these discrete chromosomes 
forming the dwarf nuclei. After the heavy doses, as previously 
mentioned, these supernumerary nuclei more nearly approach 
the normal size. As in this material the ehromatinic substance 
which fails to pass to the poles in the numerous ‘gummy 
mitoses’ is of fairly large amount, it can be understood that the 
nuclei which will be derived from such an abnormal mass would 
be of moderate dimensions. Since, after light irradiation, the 
characteristic abnormality of division is the chromosome bridge, 
from which the ehromatinic mass which fails to be included is 
small, and often adherent to the main mass at the poles, it can 
readily be seen that the resultant nucleus will be small and 
possibly in close proximity to the parent. In support of this 
hypothesis is the observation that the associated phenomena of 
4 gummy mitosis ’ and large secondary nuclei appear at about 
the same time (5-8 days after heavy irradiation, 2-3 days after 
medium doses), while the occurrence of later chromosome 
bridges and dwarf nuclei appears about 3-6 hours after light 
irradiation. Further possibilities for the formation of bi- 
nucleate cells are:—the suppression of cell-wall formation 
following either normal or asymmetrical division ; while either 
bi- or multi-nucleate cells may be formed by the suppression of 
cell-wall formation following any abnormal division, but especi¬ 
ally gummy mitosis or chromosome bridges ; or by the reforma¬ 
tion of two or more nuclei after irregular dispersion of the 
chromosomes. 

' Komuro (10) suggests the division of bi-nucleate cells might 
give rise to multi-nucleate cells, but as we have never seen a 
bi-nucleate cell in process of division we think that this is an 
extremely unlikely cause. 

The changes produced by X-rays fall naturally into two 
groups. The first group occurs immediately after irradiation, 
and then, after a period of time depending on the size of the 
dose, the second group of changes (those of the recovery period) 
appear. As we have mentioned, after heavy irradiation there is 
a period of days during which no cells divide; this is followed by 

u u 2 
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partial recovery when some dividing cells are again seen; while 
in those irradiated for 4 minutes the damage is not so great, and 
so recovery takes place sooner. In the beans X-rayed for 
1 minute recovery occurs very rapidly. 

The immediate effect after 8 minutes irradiation occurs in 
those cells which had commenced or were about to commence 
their division at the time of irradiation, and were able to com¬ 
plete it in a more or less normal manner, while in those irradiated 
for 1 minute the number of dividing cells is augmented by some 
of the interphase cells which are still able to pass into division. 
Clumped metaphase was the most constant abnormality after 
heavy irradiation, and chromosome bridges after light irradia¬ 
tion. These cells, together with those which were in the critical 
period at the time of irradiation, then went into a resting state, 
and did not again divide until the effect of irradiation had passed 
off, when they gave rise to the second group of abnormalities 
such as * gummy mitosis ’ and multi-nucleate cells. 

Alberti and Politzer (1) divided the sequence of events after 
irradiation into three stages. In the first, which continued for 
about 6 hours irrespective of the dose, degeneration of nuclei, 
and reduction in the number of dividing cells occurred. The 
second stage varied in duration with the size of the dose, and 
during it no cell-division took place. Finally, the third was one 
of partial recovery, and showed abnormalities of cell-division. 
Their classification agrees more nearly with our views than does 
the hypothesis of Pekarek (14), who believes that irradiation 
acts in one way on nuclei which are already in mitosis at the time 
of irradiation, and in completing their division give rise to the 
* Primary effect ’ or his ‘ P Mitosen and in another way on 
nuclei which at the time of X-radiation were in the condition 
of interphase, their subsequent division giving rise to the 
6 Secondary effect ’ or his 4 S Mitosen In the material irra¬ 
diated for 1 minute we find that the immediate effect must have 
been produced in cells which were both in the interphase and 
division stage at the time of irradiation; and the ‘ recovering 
effect * must have been produced in similar cells or the product 
of similar cells. We consider that the difference between im- 
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mediate and recovery effect is more fundamental than is that 
of the 4 P and S Mitosen * of Pekarek (12). 

In the first and second series the immediate and recovery 
effects almost coincide with Pekarek’s 4 P and S Mitosen *; the 
immediate effect is confined to cells which were in division at 
the time of irradiation ( 4 P Mitosen ’), while the phenomena of 
the recovery period are largely the .product of cells in the inter¬ 
phase at the time of irradiation ( 4 S Mitosen ’). Undoubtedly 
there is a certain degree of difference in the changes produced 
in the cells in the interphase and in active division at the time 
of irradiation, but the disparity in changes after irradiation, of 
cells in different phases of division would be just as great. The 
only apparent change possible in cells at early telophase or 
anaphase during irradiation is the suppression of cell-wall 
formation and at metaphase irregular distribution of the chro¬ 
mosomes ( 4 gummy mitosis’ and chromosome bridges), while 
if in prophase during irradiation, the whole mechanism of cell- 
division may be altered (i.e. no spindle formation), the chromo¬ 
somes may fail to split longitudinally, or all the chromatin may 
form a dense mass. It is hard to see what relatively greater 
visible abnormality can be produced in cells which were either 
in interphase or immediately preceding visible prophase at the 
time of irradiation, though certainly after the heavy irradiation 
the physiological processes of the cell are disturbed in such a 
measure that division of the cell is not possible for a considerable 
time. 

We have described and discussed the changes produced in 
irradiated bean-tip nuclei, but the main problem is still unsolved. 
In what way is the cell injured so that it is unable to function 
normally ? Since it has been shown in work carried out in this 
laboratory on male lepidopterous germ-cells (7) that alterations 
are produced in the Golgi bodies 16 hours after irradiation of 
a nature to cause them to produce abortive acroblasts in the 
spermatocyte stage, and that 6 hours after irradiation the mito¬ 
chondria tended to run together, although the nucleus showed 
no injury, it is obvious that some vital process of the cell is 
injured, and this in turn produces these abnormalities of nucleus 
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and cytoplasmic inclusions. Microscopic investigation using .the 
most up-to-date cytological methods can reveal no more funda¬ 
mental injury than has been described in these works, and the 
solution of the problem seems at present to be with the bio¬ 
chemist and the bio-physicist. 

The entire expenses of these investigations were met by grants 
from the Medical Besearch Council, the Eoyal Irish Academy, 
and the Eoyal Society of London, whom we cordially thank. 
We are grateful to Dr. Solomons, the Master, and Dr. M’Donogh, 
the radiologist of the Botunda Hospital, who gave us every 
facility for carrying out these investigations, and to Mr. D. B. 
Bradshaw for his help in the translation of numerous articles. 
Finally, we thank Dr. J. Bronte Gatenby for his interest, 
encouragement, and help. 


Summary. 

1. The effect of X-rays is divisible into two periods, one show¬ 
ing the immediate effect, the second period being one of recovery. 

2. The immediate effect includes gradual cessation of mitosis, 
and the production of abnormalities in those cells which were in 
the process of division or were about to divide at the time of 
irradiation. 

3. The length of time during which no cells enter into mitosis 
depends on the size of the dose. 

4. During the recovery period some cells again enter into 
mitosis but their division is usually of an abnormal type. 

5. Irradiation acts on cells in the interphase by interfering 
with some physiological process. These cells are then unable to 
enter into mitosis until the effect of irradiation has passed off. 
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DESCRIPTION OF PLATES 38-40.' 

Taken with a Leitz Mikam Camera. 

Lettering. 

B.C., Beaded chromosomes; G.Br., Chromosome bridges; G.M., 
Clumped metaphase; G.M., 1 Gummy ’ mitosis ; I.G., Irregular arrange¬ 
ment of chromosomes; M.C., Multinucleate cell; P.A., Pseudo-amitosis. 

Fig. 1.—Prom bean-tip fixed 3 hours after irradiation for 8 minutes 
showing clumped metaphase. 

Fig. 2.—Prom bean-tip fixed 3 hours after irradiation for 8 minutes 
showing pseudo-amitosis. 

Fig. 3.—Prom bean-tip fixed 2 hours after irradiation for 8 minutes 
showing pseudo-amitosis. 

Fig. 4.—Prom bean-tip fixed 15 hours after irradiation for 1 minute 
showing pseudo-amitosis with formation of cell-wall. 

Fig. 5.—Prom bean-tip fixed 2J hours after irradiation for 1 minute 
showing chromosome bridge. 

Fig. 6.—Prom bean-tip fixed 4 hours after irradiation for 1 min ute 
showing chromosome bridge. 

Fig. 7.—Prom bean-tip fixed 5 days after irradiation for 4 minutes 
showing gummy mitosis (G.M. 1 shows chromosomes already at the pole, 
shows chromosomes remaining on equatorial plate). 

Pig. 8.—Prom bean-tip fixed 8 days after irradiation for 8 minutes 
showing gummy mitosis with tri-polar arrangement of the chromosomes. 

Pig. 9. Prom bean-tip fixed 3 hours after irradiation for 8 minutes 
showing beaded chromosomes in abnormal anaphase. 

Fig. 10.—From bean-tip fixed 5 days after irradiation for 4 minutes 
showing irregular arrangement of the chromosomes. 

Fig. 11.—From bean-tip fixed 5 days after irradiation for 4 minutes 
showing multi-nucleate cells. 

Pig. 12.—From bean-tip fixed 15 hours after irradiation for i min ute 
showing multi-nucleate cells. 
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The worm described in this paper was found by me in material 
collected by the fishermen of the Zoological Station at Naples 
from the sandy bottom near the western shore of the bay of 
Naples. Although small it is fairly conspicuous, being milky 
white in colour and active in its movements. It belongs to the 
genus Pionosyllis, and like most of its near relatives bears 
its young attached in pairs on the segments of the middle region 
of its body, as admirably described and figured by Pierantoni (5). 
The breeding season begins in May, and the specimens I collected 
during my visit to Naples last . April were not fully mature. 
To Mr. J. Z. Young, however, I am indebted for mature and 
embryo-bearing specimens collected in June. 

Most of the structure described below was made out on the 
living worms, and these observations have been confirmed and 
completed with the help of whole preparations and sections. 
The best results were obtained with material preserved in 
Bouin’s fixative. Sections were stained in carmine and picro- 
nigrosin, Ehrlich’s haematoxylin, iron-haematoxylin, and 
Mann’s methyl-blue eosin. 

As shown in Text-fig. 1, this little Syllid has the characters of 
the genus Pionosyllis Malmgren (Pierantoni, 5; Fauvel, 2). 
The prostomial palps are fused only at their base; the long 
slender tentacles and cirri are not moniliform; there are three 
prostomial tentacles, two pairs of peristomial tentaculiform 
cirri, and a long dorsal and short ventral cirrus to each parapo- 
dium. The pharynx is armed with one large tooth, and its anterior 
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Text-fig. 1, 



Pionosyllis neapolitana, dorsal view of full-grown specimen, 
enlarged. Some segments have been cut out after the nineteenth, 
c, cirrus of pygidium ; cc, caecum ; i, intestine ; ph, pharynx; 
ph palps; pr, prostomium; prv, proventriculus ; r, rectum. 

edge is smooth. The compound chaetae are provided with an 
elongated distal segment (Text-fig. 8 a). The full-grown worm 
reaches a length of about 4 mm., with about thirty-eight 
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segments. But it differs strikingly from other recorded Piono- 
syllids in being hermaphrodite, and is remarkable for the 
complexity and constancy of structure of its reproductive 
organs. 1 

The first nine segments (counting the peristomial segment as 
the first, and the first setigerous segment as the second) are 
sterile, but the tenth, eleventh, and twelfth segments are seen 
to be filled with spermatozoa in all full-grown individuals, and 
even in those which have not yet attained full size. From the 
thirteenth segment backwards, throughout the region of the 
true intestine, each segment contains a pair of ovaries. The 
posterior segments in the region of the rectum are again sterile. 

Segments 10, 11, and 12, which become filled with sperms, 
are closed by complete thin transverse septa preventing the 
spermatozoa from spreading to neighbouring segments. In adult 
specimens the coelomic cavities of these three segments become 
so packed with spermatozoa in all stages of development that 
they appear opaque and conspicuous under the microscope. 
The testes themselves, on the other hand, are obscured and 
difficult to see at this stage except in sections. A pair of testes is 
present in each of the segments 10, 11, and 12, and they appear 
as proliferations of the coelomic epithelium near the ventral 
edge of the longitudinal muscle-bands (Text-fig. 8). The ripe 
spermatozoa spread throughout the cavity of the segment and 
into the parapodia, but tend to gather at its outer posterior 
comers. Here they are accumulated by the action of the cilia 
of the funnels of the sperm-ducts down which they are eventually 
driven. 

The three pairs of s p e r m - d u c t s are all alike in structure. 

Hermaphroditism is not unknown among the Syllids. In addition to the 
case of Syllis corruscans, which is said to produce male and female 
buds, two species of the genus Grubea have recently been recorded as 
normal hermaphrodites. These are Grubea protandrica, incom¬ 
pletely described by Du Plessis (1) from the French Mediterranean coast, 
and Grubea pusilloides, described by Haswell (4) from Port Jackson, 
Of these the last species resembles most Pionosyllis neapolitana, 
since it has two male segments and several more posterior female segments. 
But in other respects it seems to differ widely from the worm here described. 
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They open respectively into the three successive male segments. 
Bach sperm-duct has a funnel provided with actively moving 
cilia on the anterior face of the septum closing the male segment 
posteriorly. The funnel leads backwards through the septum 

Text-fig. 2. 

f 


i 



Mack enlarged optical section drawn from life of a sperm-sac 
containing spermatophores, apt. In a portion of the wall are 
shown the refringent granules, g. 

to a coiled tube, which suddenly expands into a nearly spherical 
sperm-sac, and narrows again to a thin walled ciliated tube 
(Text-fig. 5). The latter runs outwards to open near the base 
of the ventral cirrus. The sperm-sac has a thick wall composed 
of a single layer of large cells packed with large highly refringent 
granules (Text-figs. 2 and 8). So numerous are these granules 
that the six sacs are very refringent and conspicuous in the 
living worm. The inner surface of the sac is ciliated, at all events 
near the entrance and exit of the narrow duct. Lying in the 
. cavity of the sac may be seen in the living a number ofsperma- 
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tophores gyrating rapidly, being kept in motion by the cilia 
of the wall. More spermatophores generally are present in the 
duct to the exterior. The spermatophores in each sac vary 
in size and number—from one to six. Each spermatophore con- 


Text-fig. 3. 



Transverse section of a male segment (12th). ap, ripe spermatozoa 
in coelom; spd, sperm-duct to exterior ; sps, wall of sperm-sac; 
apt, mass of spermatophores and coagulum; t, testis partly on 
blood-vessel; ve, base of ventral cirrus. Magnification as in Text- 
fig. 4. 

sists of a central refringent mass surrounded by spermatozoa 
fixed to it by their ‘ head ’ end and with ‘ tail ’ outwards. There 
can be little doubt that the central mass is made up of the same 
substance as the granules in the wall. They stain in the same 
way—green with picro-nigrosin, red with eosin; but do not 
take up nuclear stains such as carmine or haematoxylin. 
Sections of the wall of the sperm-sac show that the granules 
are distributed throughout the cytoplasm of the cells (Text- 
fig. 8). Each granule appears to be composed of a larger more 
darkly staining mass partially enclosing a paler and smaller 
sphere. 

As already mentioned, from the thirteenth segment back¬ 
wards, throughout the region of the true intestine, there is a 
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pair of ovaries in each segment (Text-fig. 1). The ovary is 
derived from the coelomic epithelium at the ventral edge of the 
longitudinal muscle-band and at a level half-way between the 
parapodium and the front septum. This can be seen clearly 
when the ovary is little developed (Text-fig. 6); but, as it grows, 
one central oocyte becomes very large, loaded with fine granules 
of yolk, and spreads downwards below the intestine (Text-figs. 
1 and 4), so that the right and left ovaries of a segment tend to 


Text-fig. 4. 



Transverse section of a female segment (14th). ac, aciculum; c, 
coelom ; cm, circular muscles ; dc, dorsal cirrus; dim, dorsal 
longitudinal muscles; dv, dorsal vessel ; i, intestine; nc, ventral 
nerve-cord; nph, nephridiUm; o, ovum; p, parapodium; 
spth, spermatheca containing spermatophores; vc, ventral cirrus; 
vim, ventral longitudinal muscles; vv, ventral vessel. 

meet in the mid-ventral line. The small undeveloped oocytes 
then come to lie close to the ventral blood-vessel. In the young 
ovary the superficial cells merge into the coelomic epithelium 
which binds it to the body-wall; and when a central oocyte 
enlarges it bulges into the coelom covered over by a layer of 
coelomic epithelium, which later forms a thin follicle of flattened 
cells (Text-fig. 7). 

There are no special oviducts, and the nephridia in female 
segments remain quite unmodified (see below). With their 



, Text-fig. 5. 



Diagrammatic ventral view of segments 9-15. dc, dorsal cirrus; nf, 
nephridiostome; np, nephridiopore; o, large ovum; ov, ovary; 
p, parapodium; spf, spermiducal funnel (coelostome); spp, 
spermiducal pore; sps, sperm-sac; spth, spermatheca; t, testis; 
vc» ventral cirrus. 
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minute nephridiostome they would be incapable of serving as 
outlets for the large ova. 

Unfortunately I was not able to witness the extrusion of the 
eggs, and the material at my disposal does not allow me to make 
quite certain of the details of their normal mode of exit. But 
the preparations seem to show that the eggs escape by bursting 
through the thin dorso-lateral region of the body-wall. In 


Text-pig. 6. 



transverse sections of worms with young external embryos the 
body-wall is seen to be deeply infolded between the parapodia; 
presumably the temporary apertures are quickly closed up. 

When the Ova reach the exterior they are enclosed in a 
cutieular membrane; within it they undergo development, and 
it is not till they reach a late stage that they break through the 
membrane and escape. At first the embryonic shield develops 
on the contex surface of the egg; but later it becomes curved 
with ventral surface bent inwards. The embryo remains flexed 
until many segments and parapodia have formed, and by the 




HERMAPHRODITE SYLLID 


659 


time the young worm breaks through the membrane and 
straightens out it has acquired almost the general structure of 
the adult with some eighteen segments. 

During this period of growth the young remain attached to 
the parent in pairs on each female segment by means of special 
organs of fixation described below. 

From what has been said above it is clear that fertilization 


Text-pig. 7. 



Portion of a transverse section showing a small ovary attached to 
the dorsal longitudinal muscles, dim. c, coelom; yo, ovum begin¬ 
ning to enlarge. Prom a specimen with external embryos. 

must take place about the time when the eggs are extruded. 
It is an interesting fact that in every female segment of an 
individual with well-developed ova there occurs a pair of 
spermathecae. The spermatheca is a small sac, blind 
internally, opening externally by a round pore, and developed 
as an invagination of the dorso-lateral body-wall just anterior 
to the base of the dorsal cirrus (Text-figs. 5 and 8). Several of 
these sacs are generally found containing spermatophores, and 
it may safely be concluded that the spermatophores have been 
derived from some other individual, copulation having taken 
place. Unfortunately I have not been able to observe the pro¬ 
cess. It is probable, then, that fertilization occurs when the 
ova are emerging close to the spermathecal pore, and when the 
NO. 292 xx 
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covering membrane is still tbin or incomplete. The exact origin 
of this membrane, in which the external embryo develops, is 
difficult to make out. Whether it is a vitelline membrane 
secreted by the egg itself, or a product of the cells of the 
enveloping follicle, I have not determined for certain; but 
appearances in sections suggest that it is produced by the egg. 


Text-etg. 8. 



A 9 enlarged drawing of a compound ohaeta. B, transverse section 
of a female segment with two embryos attached, ei, embryonic 
intestine; era, embryonic membrane; ep, embryonic prostominm; 
eph> embryonic pharynx; fo, organ of fixation; gl, glandular area: 
nph, nephridium; pg, pedal gland. 

The follicle has disappeared by the time the egg has reached 
the exterior. 

Only one pair of ova ripens at a time in each segment, and 
this takes place almost simultaneously in all the female segments 
of an individual, though rather sooner in the anterior in 
the more posterior segments. 'When this generation of oocytes 
has been extruded the ovaries return, so to speak, to the 
undeveloped condition, and persist as small ovaries attached to 
the body-wall and longitudinal muscles at the side (Text-fig. 7). 
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Each, then, contains a central oocyte ready apparently to grow 
and give rise to a new generation. But I have no observations 
enabling me to assert that successive generations of young are 

Text-fig. 9. 


dim 



Diagrammatic section of organ of fixation, ad, adhesive threads; 
dim, dorsal longitudinal musoles ; l, portion of embryo ; em, 
embryonic euticular membrane; ep, epidermis; fo, organ of 
fixation; m, muscle; op, external opening; sp, sphincter muscle; 
th, distal ends of threads attaohed to euticular membrane. 

produced, though this seems highly probable. Similarly, in 
individuals bearing young the three male segments are seen to 
have lost all, or nearly all, ripe spermatozoa and spermato- 
phores, but to retain well-developed testes ready apparently to 
produce more sperm. 


XX2 




€62 


E. S. GOODRICH 


A pair of fixing organs occurs in each of the female 
segments of embryo-bearing individuals. Each is a spherical 
sac just anterior to and slightly dorsal of the dorsal cirrus 
(Text-fig. 8); it is connected -with the inner surface of the 
epidermis, from ■which it has obviously been derived by in¬ 
vagination. To its coelomic surface are attached some oblique 
muscle-fibres; while certain muscle-fibres of the circular layer 
of the body-wall are specialized round its neck to form a 
sphincter (Text-fig. 9). The cavity of the organ is lined with an 
epithelium of large cells continuous at the small rounded external 
opening with the general epidermis. The deeper large cells give 
rise to numerous delicate fibrils. These are gathered together 
into sheaves which converge to pass through the opening, and 
diverge again to spread over the surface of the embryonic mem¬ 
brane (Text-figs. 8 and 9). It is by means of these fibrils that 
the embryo is firmly attached to the dorsal surface of the 
segment. 

As the fibrils are gathered together to pass through the narrow 
pore of the organ they form solid-looking rods, some sixteen in 
number, but they become frayed out again at their distal end. 
The proximal end of the fibril passes into the substance of 
the cell and reaches its base. The intracellular portion thus 
resembles the fibrils often seen in ciliated epithelium passing 
from the cilia to the base of the cells, and it is possible that the 
fixing fibrils are modified cilia. 

The origin of these highly specialized organs of fixation 
puzzled me for a long time. They are absent as such in worms 
with spermathecae and internal ova, but appear fully formed 
in those bearing external young. It was not till I concluded 
that the fixing organ must ‘be derived from the spermatheca 
which occupies the same position, that its mode of development 
was elucidated. The growth of the organ must be rapid, and 
my sections do not show a complete series of intermediate 
stages. Nevertheless, it seems clear that, as the eggs become 
ready for extrusion, the spermatophores come to lie in the 
ventral region of the spermatheca and the more dorsal region 
becomes modified. Here the lining cells acquire the structure 
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of those of the fixing organ and begin to develop fine fibrils. 
Later, these cells seem to spread over the whole inner surface 
of the sac; so that, by the time the spermatophores have been 
expelled, the whole spermatheca has been transformed into the 
organ of fixation. 

We may now pass to a consideration of the nephridia. 
A pair of simple nephridia occurs in each segment from the 
fifth (fourth setigerous segment) to the last, excepting for the 
eleventh, twelfth, and thirteenth segments, where they are much 


Text-itg. 10. 



Enlarged view from life of anterior end of nephridium. al, anterior 
lip of nephridiostome; nt, nephridial tube; s, septum. 


modified. The nephridium closely resembles that described by 
me in an immature Trypanosyllis (3). A small open nephridio¬ 
stome opens into the next segment in front, projecting beyond 
the delicate transverse septum. The anterior lip of the funnel 
bears a bunch of long cilia forming a ‘ flame ’ which beats down 
the lumen (Text-fig. 10). The slender tubule with intracellular 
lumen runs back near the ventral body-wall to a minute external 
pore situated near the base of the ventral cirrus. These nephridia 
are difficult to see in the living in spite of the presence of excre¬ 
tory granules in the wall; but, if a little neutral red be added 
to the sea-water in which the worms are kept, the nephridia 
stain readily and become clearly visible. 

It will be remembered that in the majority of Syllids the 
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Text-fig, 11. 



np 

Sketch from the living young worm of a developing sperm-duct, 
enlarged, bw, body-wall; cst, rudiment of coelomostome; np 9 
nephndiopore; nst, nephridiostome ; nt 9 nephridial tubule; 
p, parapodium; s, septum; vc, ventral cirrus. 
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nephridium becomes converted at maturity in both sexes into 
a nephromixium by the grafting of a large ciliated coelomostome 
on to its open extremity, and that these compound nephromixia 
function as genital ducts (3). The three pairs of sperm-ducts of 
our Pionosyllid are of such mixed origin. The nephromixium is 
formed early, long before the eggs are full-grown, but young 
specimens may sometimes be found showing intermediate 
stages. In Text-fig. 11, sketched from, life, may be seen the 
right nephridium of segment 11; it still has its nephridiostome, 
but near it a group of eoelomic epithelium cells is about to 
develop into the coelomostome. The wall of the post-septal 
region of the tubule is also thickened and beginning to become 
transformed into the sperm-sac, though the characteristic 
granules have not yet appeared in its cells. In the fully developed 
sperm-duct the coelomostome is cup-shaped and ciliated; it 
leads into the nephridium and the nephridiostome can no longer 
be distinguished (Text-fig. 12). 

Summary and Conclusion. 

In this paper a new species of Syllid, named Pionosyllis 
neapolitana, is described, whose chief characteristics are 
that it is hermaphrodite, and has reproductive organs of 
remarkably complex and constant structure. 1 There are a pair 
of testes in each of the segments 10, 11, and 12, and a pair of 
ovaries in every segment from the thirteenth backwards 
throughout the region of the true intestine. A pair of nephridia 
with small nephridiostomes occurs in every segment from the 
fifth backwards, except in segments 11, 12, and 13, in which 
they become transformed into nephromixia functioning as 
sperm-ducts. Bach sperm-duct is provided with a ciliated 

1 Only once has a variation in the disposition of these organs been 
found. This specimen has the usual testes and sperm-ducts in segments 10 
and 11, but an additional testis on the left side of segment 8, and correspond¬ 
ing sperm-duct in segment 9. The twelfth segment, while possessing the 
usual testis and sperm-duct on the right, has an ovary on the left. The 
thirteenth segment has a sperm-duct on the right, and the usual ovary 
on the left. 
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coelomostome opening into a male segment, and its post- 
septal tubule is enlarged into a sperm-sac where the sperma¬ 
tozoa form spermatophores. Presumably copulation takes 
place, since spermatophores are found lodged in paired sperma¬ 
thecae opening to the exterior on every female segment. One 
ovum at a time in every ovary enlarges and is extruded dorsally, 
apparently by breaking through the body-wall. The ova by this 
time are fertilized. They develop to an advanced stage sur¬ 
rounded by a cuticular membrane,'. and attached in pairs to 
every female segment. The young escape from the membrane 
when about eighteen segments have been formed. When the 
ova pass to the exterior they become attached to the latero- 
dorsal surface of the female segments by means of fixing threads 
formed by special paired organs of fixation. These organs are 
derived from the spermathecae. Possibly successive generations 
of ova are extruded, but this has not yet been observed, nor is 
it known whether the fixing organs can again function as 
spermathecae. Exactly how and when fertilization takes place 
has not so far been determined. 

Department or Zoology and Comparative Anatomy, 

University Museum, Oxford. 

December 11,1929. 
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On the Cranial Characters of the South African 
Brevicipitid, Phrynomerus bifasciatus. 

By 

C. G. S. de Villiers, M.A., Ph.D., 

Professor of Zoology, University of Stellenbosch. 

With 14 Text-figures. 


Much work has recently been done on the comparative 
anatomy and ontogeny of the shoulder-girdle of the Anura, 
but no attempt has been made to reinvestigate the skull with 
the aid of modem microtechnical methods ; it is hoped that the 
present paper will contribute towards the revival of interest 
in the osteology of the anuran cranium. 

The first printed reference to Phrynomerus is in Smith 
(1849), where it was registered as Brachymerus, a name which 
was subsequently found to be preoccupied. A foot-note (Smith’s 
publication has no paging) contains the following information: 
‘ jaws and palate without teeth, tympanum concealed, nostrils 
close to apex of nose, transverse processes not much extended 
In the general description the following information regarding 
the cranium is supplied: * nostril opens forwards and outwards, 
surrounded by a slightly raised membranous ring. Tympanum 
partially visible, a little behind the infero-posterior part of the 
eye ’. The drawing of the genus is given on PI. 48. 

Phrynomerus was next figured in Bianconi (1850) and 
was there (p. 26) called Dendrobates inhambanensis. 
The plate (PI. V, fig. 4) leaves no doubt that Phrynomerus 
bifasciatus is the actual animal referred to. No important 
cranial characters are mentioned, except that the tympanum 
is stated to be present. Gunther’s catalogue (1858) relegates 
Phrynomerus (= Brachymerus, Gunther) to the family 
Braehymeridae among his series of frogs 1 without maxillary 
teeth and with perfectly developed ear ’. Only one osteologioal 
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character of the family is stressed: the ‘ dilated processes of 
sacral vertebra ’ (p. 124). Under the definition of the genus, the 
folio-wing skeletal features are mentioned : ‘ teeth none in jaws 
nor in palate nor a sharp bony ridge. Tympanum hidden; 
Eustachian tubes very small. Sacral vertebrae not much 
extended’. The name Phrynomantis, by which Phryno- 
merus was generally known until recently, was proposed by 
Peters (1867). This publication as well as three of four others 
by the same author and by Cope are not available in South 
Africa. Peters again discusses the genus in the Reise nach 
Mosambique (1882); the classification adopted is Bufoni- 
formia-Engyostomata-Phrynomantis (p. 172). The first two 
groups are not defined. Cranial and other skeletal characters 
mentioned under the description of the genus Phrynomantis 
are: ‘ Kiefer schwach, ebenso wie der Gaumen zahnlos. Trom- 
melfell wohl entwickelt, aber unter der Haut versteckt. Stemal- 
apparat ohne Manubrium und obne Claviculae, wie bei Diplo- 
pelma und Systoma ; das stielformige Sternum tragt einen sehr 
grossen breiten Xiphoidknorpel.’ On PI. IX, figs, ix and ixa, 
drawings are given of the ventral portion of the shoulder-girdle, 
of the expanded transverse processes of the ninth vertebra, 
and of the pelvic girdle. Boulenger (1882) adopts (p, 172) the 
name Phrynomantis, which he classes under Engyosto- 
matidae (p. 146), characterized by the following cranial charac¬ 
ters ; absence of maxillary teeth and of the fronto-parietal 
fontanelle. The genus itself (p. 172) is stated to lack vomerine 
teeth and to possess a cutaneous fold across the palate between 
the choanae. The obscurity of the tympanum is also referred to. 

Boulenger’s ‘Revised List’ (1906-9) mentions no cranial 
characters of Phrynomerus, and the Engyostomatidae, 
under which family the genus is classified, are not clearly defined; 
they are stated to possess * no teeth ’. Hewitt (1911) quotes 
Werner (1910) in remarking upon the possible affinities of 
Cacosternum and Phrynomerus. The general depres¬ 
sion of the head and body in both genera seemed to him an 
unreliable criterion. The life-history was described by Power 
(1926) and Wager (1926), which latter author originally referred 
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thelarvaeto Hyperolius (p. 174). Additional data regarding 
the development were afforded by Power (1927, p. 415), 
Loveridge (1925), and Wager (1929). Hewitt had already in 
1919 regarded the affinity of Phrynomerus and the An- 
hydrophryne-Cacosternum group with suspicion, since 
it seemed to be based on the characters of the shoulder-girdle 
solely. Noble’s important work of 1922 asserts (p. 19) the 
affinities of Cacosternum, Anhydrophryne, and 
Phrynomerus; and the toothed Dyscophidae and the Old 
World Brevicipitid forms are grouped (p. 20) into a new family, 
the Brevicipitidae. Power (1927, p. 250) calls attention to 
the similarity of the larvae of the Indian Microhyla and the 
South African Phrynomerus and to the absence of any 
specialization in the larvae of Cacosternum. Noble (1926, 
p. 19), after comparing specimens of * Phrynomantis ’ from the 
East Indies with African species, came to the conclusion that 
they are generically distinct and proposed the new genus 
Phrynomerus for the African species (p. 20). In his well- 
known work on the frogs of the Congo (1924) Noble had already 
expressed the opinion (p. 278) that the East Indian and African 
forms were not congeneric. Nieden (1926) gives no new informa¬ 
tion about Phrynomerus (Phrynomantis, p. 12). Under 
Engyostomatidae (p. 1) the epicoracoids are stated to be fused. 
Phrynomerus is grouped under the sub-family Engyosto- 
matinae in which both jaws are toothless, although vomerine 
teeth are represented in some genera. Noble (1926, p. 4), 
remarking upon the dissimilarity of the larvae of Cacoster¬ 
num and Phrynomerus, comes to the conclusion (p. 4) 
‘ that the genera have descended from totally different stocks ’. 
Noble (1927) enumerates the main peculiarities of the Dyscophid- 
Brevicipitid larva (p. 114), but notes that the larva of Caco¬ 
sternum does not conform to this type. H e m i s u s has larvae 
also differing from those of Brevicipitid tadpoles (Wager, 1927) 
in the possession of homy teeth and a sinistrally situated 
spiracle, so that it may possibly have to be removed from the 
Brevicipitidae; it owes its inclusion in this family mainly to 
certain superficial resemblances to Breviceps. 
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Material and Technique. 

The adults and tadpoles of Phrynomerus bifasciatus 
were very kindly supplied by Mr. J. H. Power of Kimberley, 
who collected the material at Lobatsi. Alcoholic preservation 
was employed. Two stages were examined: the young, fully 
metamorphosed froglet and the adult. The specimens were 
carefully skinned and placed in water to remove the alcohol. 
This is best accomplished by placing the glass container in 
a thermostat kept at about 50° C. and changing the liquid every 
half-hour, until all alcohol has been washed out. The entire 
froglet and the head of the adult were then decalcified in Ebner’s 
solution (see Mayer, 1920) as supplied by Dr. Griibler’s labora¬ 
tory. Five days proved to be sufficient for the froglet, whereas 
the head of the adult was decalcified for nine days. The tissues 
were in no wise deleteriously affected, Ebner’s solution being an 
extremely safe decalcifier. The objects were bulk-stained in 
Haemalum and thoroughly differentiated with alum solution 
of 4 per cent. They were then embedded in paraffin in the usual 
way. It was to be expected that great mechanical difficulties 
would be encountered in preparing sections of a large, hard 
object like the Anuran skull. This, fortunately, did not prove 
to be the case. Contrary to the usual advice of mierotomists, 
I embed large, hard objects in fairly soft paraffin of a melting- 
point of approximately 40° C., and succeed in obtaining perfect 
series. For a counterstain van Gieson may be used, with or 
without Lichtgrun. But since the picric acid in van Gieson 
tends to bleach the nuclear stain, Fuchsine alone may be 
employed. Cartilage, connective tissue and decalcified bone are 
quite satisfactorily differentiated by means of this process. 
Bismarck Brown, the finest Cartilage stain known, was not used, 
as it does not readily stain in alcoholic solution and it was not 
deemed advisable to take the slides through to water, and 
thereby taking the risk of the sections washing off. 

The Skull of Phrynomerus Bifasciatus. 

The details of the anatomy of the Anuran skull are best 
studied in Eeker-Wiedersheim-Gaupp, erste Abteilung, 1904. 
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The true homology of the paraquadrate (= ‘ Squamosum ’) and 
the quadratomaxillary (= quadratojugal) were first elucidated 
by Gaupp (1894). The development of the skull may be studied 
in Gaupp (1898) and (1906). Kothe reinvestigated the ontogeny 
of the auditory cartilages in 1910. Histological details of the 
sense organs are furnished by Krause (1928). For the study of 
the anatomy and development of the Anuran skull, the Ziegler 
models, based on Gaupp’s reconstructions, are absolutely indis¬ 
pensable. The species investigated is the European Ban a 
fusca. 


The olfactory capsule. 

The olfactory region of the Anura is notorious for its com¬ 
plexity, particularly at the level of the external narial aperture. 
Phrynomerus possesses both pre-nasal cartilages, as well as 
the alary, which latter occupies the lateral wall of the vestibule, 
whereas its roof is strengthened by the tectum nasi in the 
anterior region and the oblique cartilage in the posterior. The 
vestibule has much the same structure as in Bana fusca, 
but the plica obliqua is thick and blunt, whereas it is elongated 
in Bana. In Phrynomerus it is, moreover, more pos¬ 
teriorly situated, as it only appears in section after the closing 
of the narial aperture; it is suspended from the cartilago 
obliqua, not from the tectum nasi as in Bana (see Text-fig. 1). 
Gaupp (1904, p. 624) describes two * Wiilste ’ in connexion with 
the vestibule; one occupies the place of the alary cartilage when 
it disappears, and the other is finger-shaped and lies in the 
posterior angle of the anterior narial aperture. They are both 
represented in Phrynomerus (Text-figs. 1 and 2). An 
important difference between Bana and Phrynomerus 
concerns the absence of the recessus sacciformis in the latter 
genus. The anatomical details of the structure are described 
by Gaupp (1904) on pp. 625 and 688, from which it appears 
that the recess is a mucous sac underlying the ‘ Wulst which 
takes the place of the alary cartilage, and communicates with 
the niche-like posterior division of the vestibule, with the in¬ 
fundibulum and with the cavum medium. Distinct vestiges of 
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the vestibular and infundibular portions of the reoessus are 
present, but the cavum medium shows no traces of such 
evaginations (Text-fig. 2). The details of the anatomy of the 
following organs are exactly as described in Gaupp (1904); 

Text-fig. 1. 



Transverse section through the vestibular region of the nose, c.L, 
crista intermedia; cr.ob., cartilago oblique ; cv.m., cavum medium; 
cv.p. 9 cavum principals; ec.ves., external ectoderm covering the 
vestibule; gl.n.L, glandule nasalis lateralis; gl.n.m., glandule 
nasalis medialis; inf., infundibulum; l.s., lamina superior; 
l.w.o.c., lateral wall of olfactory capsule; na., nasal; pl.ob., 
plica oblique; spmx., septomaxillary ; t.n., tectum nasi; ves. 9 
vestibule; W.I. } finger-shaped c Wulst’ of Gaupp. 

glandula nasalis medialis, glandula nasalis lateralis, glandula 
intermaxillaris; cavum principals, cavum inferius, reoessus 
medialis, reoessus lateralis, infundibulum, pars communis cavi 
median! et cavi inferioris and the communication of the ductus 
lacrimalis with the cavum medium. 
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The region of the choana is, however, considerably different 
from that of Ran a. The following statement occurs in 
Boulenger, 1882, p. 172: 4 a cutaneous fold across the palate 
between the choanae’. Nieden (1928) also mentions this peculiar 
feature of Phrynomerus and unquestionably derived the 


Text-fig. 2. 



Transverse section through the vestibular region of the nose. 
i.v.r.s., infundibular vestige of recessus sacciformis; v.v.r.a., 
vestibular vestige of recessus sacciformis ; W.11., larger ‘ Wulst ’ 
of Gaupp. Other abbreviations as in Text-fig. 1. 

information from Boulenger’s catalogue, as the phrase is liter- 
-ally translated into German. The histological details shown by 
transverse sections have revealed a most remarkable state of 
affairs, which may prove to be of great morphological interest. 

The * fold ’ mentioned by Boulenger is first noticeable in 
transverse sections as two patches of tangentially cut epithelium 
lying above the epithelium of the oral cavity and of a similar 
histological structure. They are bounded medially by the 
glandula intermaxillaris and laterally by the maxillary bone. 
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Text-fig. 3a. 



Text-fig. 36. 


€.o£ 






6c. c. 


Consecutive transverse sections through the prechoanal sacs, ang., 
angular; bo.c., buccal cavity; cv.i., cavum inferius; dn., dentary; 
c.6.c., epithelium of buccal cavity; e.ol., eminentia olfactoria; 
gl.im., glandula intermaxillaris; l.s.v., lateral squame of vomer; 
M.c., Meckel’s cartilage; mx., maxilla; pc.s., prechoanal sac; 
p.m., processus maxilla,ris anterior; p.t., planum terminal©; 
8.n., septum nasi; so.n., solum nasi; v., vomer. Other abbrevia¬ 
tions as in previous figures. 
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The epithelial patches next acquire lumens communicating with 
one another (Text-fig. 8 a) and the common sac opens into 
the oral cavity (Text-fig. 8 V). The oral openings of the right 
and. left sacs are separated by a broad barrier of thickened 
epithelium of the buccal cavity, which however becomes rapidly 
-attenuated (Text-fig. 8 c) and finally disappears. The anterior 


Text-fig. 3c. 



borders of the two evaginations, together with the short, conic 
tongue-like barrier, form the transverse band or fold referred to 
by Boulenger and Nieden. But it is not situated between the 
choanae, but in front of them, for as will be seen from 
Text-fig. 8 c the choanae have not yet appeared in section. The 
hinder margin of the ‘ fold ’ is separated by a thickness of forty- 
seven sections from the anterior rim of the choana itself! It 
is more than probable that the sacs referred to above are 
vestiges of the organ of Jacobson. Gaupp (1904) homologizes 
the recessus medialis of the cavum inferius, which is a thick- 
walled pouch situated on the side of the septum and between 
no. 292 y y 
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the solum nasi and the crista intermedia, with the organ of 
Jacobson. In Amniotes the organ develops a buccal opening 
which is however absent in Amphibia. Professor Ivar Broman 
of the University of Lund has an important paper (1919) on the 
organ of Jacobson, which he has kindly sent me. Unfortunately 
his researches were confined to the Amniotes. In mammals 
Jacobson’s organ possesses its own glands and erectile tissue, 
both of which were found to be absent in the Reptiles investi¬ 
gated. The buccal sacs described above for Phrynomerus 
do not possess their,own glands, but are in close proximity to 
the glandula intermaxillaris. No innervation of any kind could 
be made out, although Jacobson’s organ is supposed to be 
innervated by the first and fifth cranial nerves. Broman main¬ 
tains that the organ of Jacobson contains no air, but sucks 
liquid from the buccal and narial cavities and may be considered 
as a portion of the narial apparatus persisting in the piscine 
condition. He concludes by ascribing a ‘ Wassergeruchsfunk- 
tion ’ to the organ. If the primitive land Anamniotes possessed 
a buccal division of Jacobson’s organ, Phrynomerus repre¬ 
sents the only known form possessing a vestige of it. The pos¬ 
terior division of the olfactory capsule is remarkable for the 
enormously developed eminentia olfactoria, which in the frog 
consists of a low, broad ridge on the floor of the cavum superius 
medial to the choana (see Gaupp, 1904, fig. 145). In Phryno - 
merus (see Text-fig. 4) the mucous membrane of the eminentia 
is spread over a supporting axis of cartilage, representing an 
upgrowth of the solum nasi. This cartilaginous axis is covered 
laterally by the dorso-ventrally elongated portion of the vomer 
to be described below, and begins to appear in section at the 
niveau of the planum terminale of the cartilago obliqua. It 
decreases in height, but increases in breadth posteriorly and 
possesses a laterally directed spine postchoanally. Before 
finally disappearing, some distance anterior to the foramen 
olfactorium, the high narrow type of cross-section is again met 
with in the eminentia. The cartilage is then surrounded by 
sectioned branches of the olfactory nerve. The comparatively 
large eminentia of Phrynomerus has the effect of increasing 
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the olfactory surface, resulting in an enhanced olfactory 
function, probably of great importance in a land form. 

Membrane bones of the olfactory region. 

The olfactory capsule is invested in the Anura by the pre¬ 
maxilla, the maxilla, the vomer, and the septomaxillary. The 
palatine in reality invests the ventral surface of the antorbital 
process, but may be conveniently treated here as well. 

The premaxilla in the adult Phrynomerus is entirely 


Text-fig. 4. 



A-A- ch. c.oC. 


Schematic drawing of the right choana. p.f., palatal fold (Gaumen- 
leiste); p.p., plica palatalis. Other abbreviations as in previous 
figures. 

edentulous. It consists, as in the frog, of a body, supported by 
the cartilago prenasalis inferior, and possesses three bony out¬ 
growths : (a) a dorso-ventral blade supported by the cartilago 
prenasalis superior, and (6) and (c) two palatal squames in¬ 
vesting the solum nasi, but in reality separated from it by the 
glandula intermaxillaris. The maxilla is also edentulous ; 
it is supported partially by the crista subnasalis and partially the 
processes inaxillares and the processus pterygoideus. But 
whereas in the frog the maxilla articulates directly with the 
outer palatal squame of the premaxilla, the two bones are 
separated in Phrynomerus by a thin, strip-like cartilage. 
In sections, this cartilage will be seen to represent s retrally 
flexed crista subnasalis, which normally (e.g. in the frog) would 

Yy2 
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not be visible in a palatal view, and is, moreover, short and blunt 
instead of long and rod-like. It finally disappears from sections 
at the level of the anterior limits of the cartilaginous axis of the 
eminentia. The maxilla articulates with the quadratomaxillary 
posteriorly, in such a way that the anterior tip of the latter bone 


Text-fig. 5. 



Transverse section through the anterior portion of the choana. 
Abbreviations as in previous figures. 


lies craniad to the posterior tip of the latter. The vomer is 
comparatively large and quite toothless in the adult as well as* 
in the young; anteriorly it invests the lateral margin of the 
solum nasi, extending dorsally along the cartilaginous axis of the 
eminentia, but soon a short medial and a long lateral squame 
make their appearance; the former is much shorter than in 
the frog, so that the vomer appears to lie on the side of the 
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ehoana. The dorso-ventral squame of the vomer is clamped by 
an anteriorly directed process of the lateral margin of the solum 
nasi seen in Text-fig. 5, cut through the choanal aperture. It 
would appear from the drawing as' though the ehoana pierces 
the lateral squame of the vomer; this is due to the fact that the 
bone fringes the anterior and medial margins of the ehoana. 
Towards the hind end of the ehoana, the vomer is synostotically 
fused with the extremely short palatine, which is a trough-like 
bone, the groove of which is applied to the anterior margin of 
the processus antorbitalis. Noble (1926) figures the vomers of 
Phrynomerus on p. 20 ; each bone is traversed by a trans¬ 
versely situated foramen which divides it into a large anterior 
and a small posterior portion. Judging from microtomized 
series, the bone figured by Noble (loc. cit.) is not a vomer but 
a vomero-palatine. In his work on the Brevieipitid toads of 
Madagascar (‘ Am. Mus. Nov.’, no. 282, 1926 b) the following 
anatomical details of the vomer of the Malagasy forms are given 
(p. 2): ‘ The vomer of each side is divided into an anterior and 
a posterior half. The posterior of each side usually overlies the 
palatines and has been confused with these latter bones.’ It 
is very likely that the Malagasy Brevicipitids also possess a 
vomero-palatine as Phrynomerus undoubtedly does. If 
this is the case, the toothed Malagasy Brevicipitids would be 
very closely allied to the Ethiopian Phrynomerus, which 
therefore represents an extremely interesting relic of the original 
Ethiopian fauna, at a time when Madagascar was still a part of 
the African continent. It is very remarkable that Noble should 
nowhere mention the absence of palatines in Phrynomerus, 
for if he considers the vomero-palatine as a split vomer, what has 
become of the palatines? In concluding these remarks on the 
vomer, it should be mentioned that according to Broom (1902 
and 1915) Amphibia possess a premover (= vomer) and a 
vomer (= parasphenoid). Embryologists are likely to accept 
this view much less readily than palaeontologists; the older 
theory, provisionally accepted also by Versluys (1924), lays more 
stress on the parts of the chondrocranium these bones invest, 
than on their comparative topography. 
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The septomaxillary is first encountered in sections as 
a bony bridge between the lateral tips of the two laminae of the 
crista intermedia. Immediately behind the bone the infundi¬ 
bulum communicates with the cavum medium; the two 
cavities are shown in close proximity in Text-fig. 2. The 
septomaxillary may justly be considered as a membrane bone 
primarily of the lamina superior cristae intermediae, which is 
its main support. It terminates posteriorly in front of the 
planum terminate of the cartilago obliqua. 

Much importance of a phylogenetic and systematic nature has 
been attached by Noble (1926 a) to the relations of the nasals 
to the olfactory capsule. In the Cacosternum-Anhydro- 
phryne group the nasals leave much of the tectum nasi 
exposed, so that the os en ceinture appears on the dorsal surface 
between the nasals. Phrynomerus, however, has the Ranid 
type of the arrangement of the nasals, as will be described 
below. The anterior tip of the nasal appears in section between 
the tectum nasi and the cartilago obliqua, but soon comes to 
rest upon the tectum (see Text-fig. 2), in such a fashion that the 
mid-dorsal portion only of the latter is exposed. Laterally the 
nasal never extends over the planum terminate; this is also 
the case in Rana. That part of the bone projecting beyond 
the tectum is considerably thickened. The posterior margin has 
a bay as in the frog, but appreciably deeper. An articulation of 
the nasal with the nasal process of the maxilla does not occur, 
although it may usually be seen in Ranidae. It is important 
to note that the nasal disappears from section before any 
ossification is met with in the chondocranium, proving that the 
enlarged os en ceinture bounded laterally by the nasals does 
not occur in Phrynomerus. 

Ossifications in the sphenethmoid region. 

The single cartilage bone (os substitiens), present in this region 
of the Amiran skull, is sometimes termed the orbitosphenoid. 
The designation sphenethmoid is however preferable, since the 
ossification not only takes place in the dorso-ventrally situated 
trabecular derivative, but spreads on to the region of the 
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olfactory foramen and even the medial portion of the processus 
ahtorbitalis. It is perhaps best to use Cuvier’s nomenclature, 
os en ceinture, adopted by Dug&s and even by modem authors 
like Versluys (1924, vol. ii, p. 812). This designation also 
expresses the girdle-form of the bone, one of its chief character¬ 
istics ; for it also extends ventrally, to include part of the solum 
nasi and of the base of the skull in the region of the tips of the 
parasphenoid. In Phrynomerus, however, the mid-ventral 

Tbxt-ito. 6. 


cr. -c. rr - 1 » 

Diagram of the right aide of the cranium. f.o., foramen opticum; 
f.pr., foramen prooticum; o.c., otic capsule; o.e.c., os en ceintuie ; 
pr., prootic. 

region of the base of the skull remains cartilaginous, so that the 
os en ceinture is not in the form of a girdle, but distinctly paired. 
Moreover, the dorsal rim of the side of the skull is not ossified, 
so that the fenestra dorsalis is laterally bounded by cartilage. 
The os en ceinture in R ana does not reach the optic foramen, 
which is entirely surrounded by cartilage. In Phrynomerus, 
however, the os en ceinture forms the anterior, and the prootic 
the posterior boundary of the foramen, so that cartilage is 
represented mid-dorsally and mid-ventrally only. This condition 
is schematized in Text-fig. 6. 

The single ossification of the Anuran otic capsule is termed 
the prootic, but in reality this bone also extends to the side of 
the brain-case and forms the posterior boundary of the optic 
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foraman as described above. The relations to the capsule in the 
frog are as follows : the bone forms the posterior margin of the 
foramen prootieum and extends on to the plate separating the 
brain-case from the cavity of the capsule, stopping short at 
the middle of the foramen acusticum, whose anterior margin is 
therefore formed by the prootic. Posteriorly the bone is con¬ 
tinued as (a) a dorsal ossification of the capsule, and (b) a lateral 
ossification lying ventral to the crista parotica, but not reaching 
the fenestra ovalis. InPhrynomerus these two ossifications 
are entirely absent, but the septal ossification is similar to that 
of the frog. It would therefore appear that in the former animal 
the bone is more strongly developed in an anterior than in a 
posterior direction. 

The occipital region has in recent Amphibia been assumed to 
possess an exoccipital ossification only, but at the last Anatomi¬ 
cal Congress at Tubingen, Stadtmuller proved that a basi- 
occipital is present in some Urodeles. The exoccipital of 
Phrynomerus lies beyond the foramen endolymphaticum, 
which is surrounded by cartilage as in the frog. The posterior 
margin of the foramen acusticum is the anterior septal limit of 
the exoccipital, which also entirely surrounds the foramen 
jugulare. Ventrally a tract of unossified planum basale persists 
between the exoccipitals; dorsally the two exoccipitals do not 
touch each other but are separated by the triangular cartila¬ 
ginous tectum synoticum. No traces of the notochord persist 
in the planum basale. 

The roof of the chondrocranium is considerably different 
from that of the frog, in which the fenestra dorsalis is bounded 
posteriorly by the median and the transverse taeniae. These are 
entirely absent in Phrynomerus, as in the small South 
African Banid Artholeptella. The fenestra frontalis is therefore 
confluent with the fenestra parietalis, a condition which repre¬ 
sents a further reduction of the cranial cartilaginous roof. Such 
a composite fenestra is best termed a fenestra parieto-dorsalis. 
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Membrane bones of the neurocraninm. 

The bones of the secondary upper jaw and the nasals and 
septo-maxillaries were discussed above. The parietals fuse in 
all Anura with the frontals to form the two fronto- 
parietals, which are closely apposed and cover the taeniae 
and the two dorsal fenestrae. Some authors attach great 
morphological importance to what is described as a fronto¬ 
parietal fontanelle or foramen. Boulenger (1882) finds this 
fontanelle absent in all Engyostomatidae. Hewitt (1911) states 
that a fronto-parietal * foramen not very felicitously expressed, 
is present in Oacosternum. The fact that Smith (1849) 
figures a similar foramen for Breviceps, was not considered by 
Hewitt (1919) as a reliable criterion of mutual affinity. The 
frontanelle in question is presumably that portion of the fenestra 
frontalis left exposed by the divergent anterior tips of the fronto- 
parietals, and is typically present in Bans. In Phryno- 
merus the cartilaginous roof of the chondrocranium repre¬ 
senting the anterior boundary of the fenestra dorsalis is not 
represented or very feebly so; on its lateral vestiges the anterior 
tips of the fronto-parietal rest. The roof of the fenestra is 
constituted by thick fibrous tissue, in which the narrow fronto- 
parietals are imbedded. Text-fig. 7 represents a section through 
the anterior region of the skull showing an enormous gap, 
persisting between the fronto-parietals even in the region of their 
maximal development (Text-fig. 8). Phrynomerus, there¬ 
fore, has an enormous fronto-parietal fontanelle, not restricted 
to the sphenethmoid region, but present right up to the tectum 
synoticum. The brain is protected by the connective tissue 
filling up the fontanelle, which is macroscopically not easily 
discernible, but is clearly revealed in sections stained with 
fuchsine or van Gieson. The parasphenoid has the same 
relations to the chondrocranium as in the frog. The ptery¬ 
goid invests the inner surface of the processus pterygoideus in 
the subocular region, but in the niveau of the processus quad- 
ratus very remarkable conditions obtain, which necessitate the 
pterygoid, paraquadrate, and quadratomaxillary 
being discussed together. 
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Some pre liminar y morphological and osteogenic considera¬ 
tions are however necessary. In the first place, the * squamosal ’ 
(or 6 tympanic Gaupp, 1904) is not in living Amphibia an invest¬ 
ing bone of the otic capsule, but of the processus quadratus and 

Text-fig. 7. 


Cm, A. 



Transverse section of the skull in the region of the os en ceinture. 
cn.L, connective tissue; d.l.t., dorsal limits of the trabecula 
(cartilaginous); frp., fronto-parietal; m.c., marrow cavity; 
m.tr., median ventral cartilaginous trabecular derivative; par., 
parasphenoid; tr.ol., tractus olfactorius. Other abbreviations 
as in previous figures. 

of the crista parotica, which is not solely a derivative of the otic 
capsule but also of the palato-quadratum. It is therefore obvious, 
as Gaupp very clearly demonstrated in his famous paper in 
Schwalbe’s 4 Morphologische Arbeiten ’ of 1894, that Parker’s 
squamosal is not represented in living x4.mphibia, but that the 
bone so called, and also represented in Stegocephalia between 
the true squamosal and the quadratomaxillary, should be termed 
a paraquadrate. The homology of the ‘ quadratojugal ’ was also 
elucidated by Gaupp in the same paper and its development was 
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discussed in the articles of 1892 and 1906. Gaupp decided to 
call this bone a quadratomaxillary, a nomenclature that has 
been adopted in most modem works on comparative osteology, 
although palaeontologists have in the main kept to the older 

Text-fig. 8. 


«.t. if- 



Transverse section through the anterior limits of the inner ear. 
bl.v., blood-vessels; diac., diacoele; die., diencephalon; gin., 
ganglion in the foramen prooticum; mes., mesencephalon; ms., 
muscle; ocl., optocoele; p.b., planum basale; p.s., perilymphatic 
cavity. Other abbreviations as in previous figures. 

nomenclature. It is also necessary at this juncture to inter¬ 
polate a few remarks on osteogenesis in general. Gaupp’s ossa 
substitientia and ossa investitientia are now universally recog¬ 
nized as skeletal elements derived from totally different skeleto- 
genouB strata and are phylogenetically quite distinct. It is now 
also known that membrane bones are, in their early ontogeny 
at least, separated from the cartilage they invest by a connective 





686 


0. G. S. DE VILLIERS 


tissue membrane, which may however disappear, so that the 
membrane bone simulates perichondrial ossification of the 
cartilage. Or the membrane bone may invade the cartilage, so 
that a mixed bone results. In the proooracoid of Xenopus 
(de Villiers, 1929) the cartilage ossifies, in spite of the connective 
tissue separating it from the investing clavicle persisting. An¬ 
other interesting variant is the ossification of the quadrato- 
maxillary of the frog, which according to Gaupp starts as an 
ossification of the ligamentous material, external to the chewing- 
muscles, then invades the processus quadratus and gives rise 
to a mixed bone originating partly as a sesamoid ossification and 
partly as an os substitiens. Gaupp’s results are entirely borne 
out by my own researches (in the press) on the ossification of the 
processus quadratus of Arthroleptella. 

The relations of pterygoid, paraquadrate, quadrato-maxillary 
and associated cartilages are best understood by reference to the 
series of drawings, a~c, given in Text-fig. 9. It should be ex¬ 
plained that the reason why the otic capsule does not appear in 
section is due to the elongation of the crista parotica and pro¬ 
cessus oticus palatoquadrati, which is again bound up with 
the remarkably anterior position of the suspensorium in 
Phrynomerus. In Text-fig. 9 a the processus pterygoideus 
is rapidly passing from the circular type of cross-section met 
with in the subocular region to the dorso-ventrally elongated 
type, as the section is cut in the transitional region between the 
processus pterygoideus and the processus quadratus. The 
pterygoid invests the medio-dorsal surface of the processus 
pterygoideus from which it is separated by connective tissue. 
The bone possesses well-marked marrow cavities, constituting 
a useful but not conclusive criterion of the identity of a mem¬ 
brane bone as distinguished from perichondrial ossification of 
the invested cartilage. Meckel’s cartilage is invested ventrally 
by the angular (= goniale = dermarticulare). The quadrato- 
maxillary has a lateral position between the annulus tympani- 
cus and Meckel’s cartilage, is entirely osseous and possesses a 
central marrow cavity. In the succeeding sections cartilage 
appears on the inner surface of the bone; this is of course the 



Text-fig, 9a. Text-fig. 96. 



Text-fig. 9c. 



Consecutive transverse sections through the suspensorial region. 
a.t., annulus tympanicus; c.cr.p., cartilaginous portion of crista 
parotica; d.pr., dorsal process of extraplectral; expl,, extra- 
plectral; o.cr.p ossified portion of crista parotica; p.pt., pro¬ 
cessus pterygoideus; p.q., processus quadratus; prq., para- 
quadrate; ptg., pterygoid; qmx., qiiadratomaxillary. Other 
abbreviations as in previous figures. 
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processus articularis processes quadrati, which gradually ex¬ 
tends above and below the quadrato-maxillary, until the con¬ 
dition sketched in Text-fig. 9 6 is reached. The bone is now sunk 
into the processus articularis, so that it is no longer distinguish¬ 
able from mere enchondral ossification of the latter. The 
pterygoid has not undergone any important histological changes, 
but the elongation of the processus pterygoideus proves that 
the processus basalis is about to be. effected. The crista 
parotica has already appeared, and has acquired relations with 
the extremely short paraquadrate, which preceded it in sections,' 
strikingly reminiscent of those described above for the quadrato- 
maxillary and the processus quadratus. The crista is ossified 
enehondrally as well as perichondrally, and the bony material 
so formed is seen to effect a synostosis with the paraquadrate. 
Moreover, that part of the paraquadrate adjacent to this syno¬ 
stosis has lost its underlying connective tissue-layer and simu¬ 
lates periehondrial ossification of the outer face of the crista. 
The identity of the paraquadrate is however quite apparent in 
its ventral portion, where the connective tissue is preserved. 
Upon the establishment of the processus oticus (Text-fig. 9 c) 
the ossification of the crista parotica is separated from the 
paraquadrate, which then appears in its true light as a membrane 
bone of the outer surface of the quadrate cartilage. But Text- 
fig. 9 c shows, furthermore, that the pterygoid has also acquired 
close relationship with the invested processus ascendens in a 
similar manner to that described for the quadrato-maxillary 
and paraquadrate, although in this case also it disengages 
itself from the processus ascendens posteriorly. Whereas, 
therefore, one bone only, the quadrato-maxillary, invades the 
cartilage in the frog, the pterygoid and paraquadrate do so too 
in the case of Phrynomerus. 

The otic capsule and associated cartilages. 

The ossifications in the region of the otic capsule have been 
discussed above in connexion with the prootic and exoccipital. 
It remains to give some account of the sound-conducting appara¬ 
tus, which in its maximal development in Anura consists of 
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(a) a plectrum, showing three regions : (a, I) a cartilaginous pars 
externa embedded in the tympanic membrane and stretching 
across the middle ear; in Ran a it is joined to the crista 
parotica by a pars ascendens plectri. (a, II) The pars media, 
which ossifies and lies below the crista, is in some cases double. 
The pars interna (a, III) is a cartilage bar articulating with (b), 
the operculum lying in the fenestra ovalis. The tympanic 
membrane, when present, is supported by an iris-like annulus 
tympanicus, and is in some cases the seat of a disc-like cartilage 
in continuity with the pars externa plectri. This cartilage has 
sometimes been called an extra-stapedial (von Bonde, 1919), 
but the name signifies nothing, as the whole plectral apparatus 
is extra-stapedial in situation, if we assume, as do many mor¬ 
phologists these days, that Gaupp’s plectrum and operculum 
(Anura) are homologous with the columella and stapes in 
Sauropsida. If we accept this interpretation, perfectly justifi¬ 
able on Abel’s (1929) new definition of homology, the cartilage 
in question would be the homologue of the Reptilian extra- 
columellare. If not, the cartilage may be preliminarily called 
with great safety an ‘ extraplectral 

It is necessary at this stage to arrive at some idea of the 
mysterious phrase 1 tympanum hidden ’ (Tympanum versteckt), 
so frequently employed by systematists. I have consulted our 
leading South African systematist, Mr. Hewitt of Grahamstown, 
on the subject, and he confirms my interpretation: that by the 
above phrase is meant the non-differentiation of the general 
external ectoderm layer of the tympanic membrane, which in 
reality consists of three layers. A ‘ hidden tympanum ’ is in 
any case a dangerous cliche, for it is never anything but hidden, 
whether the superficial ectoderm is thin and transparent or 
thick and undifferentiated. In Phrynomerus the region of 
the annulus tympanicus and its associated membranes lies 
posterior to the eye and in close proximity to it, and can be 
clearly seen upon removal of the skin. The otic capsule lies 
some distance behind the annulus, as already explained above. 

The following description of the annulus and the more external 
parts of the auditory ossicles is based not only on microtomized 
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series, but also on surface investigation with a stereoscopic 
microscope. It appears that the annulus is an incomplete ring, 
the discontinuity being posteriorly situated. Text-fig. 10 is a 
sketch of the side of the head, showing the sickle-shaped annulus 
in position, and its relations to the cartilage mass it surrounds. 

Text-itg. 10. 



Sketch of the left side of the head with the skin removed, or.p., 
crista parotioa; dv.M., diverticulum of Meckel’s cartilage; p.e.p., 
pars externa plectri. Other abbreviations as in previous figures. 


The latter consists of a body, which may be interpreted as 
representing the pars externa -f- extraplectral, and a short, 
dorsal, posteriorly directed cartilage which possibly represents 
the vestige of the pars ascendens. In section the various carti¬ 
lages appear as follows : In Text-fig. 9 a the annu lus and the 
extraplectral are sectioned and the former is proved to be of the 
same trough-like type as in the frog. In Text-fig. 9 h the dorsal 
limb of the sickle has disappeared, and the vestige of the pro¬ 
cessus ascendens plectri is seen above the extraplectral in 
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Text-fig. 9 o. The extraplectral is rapidly attenuated and in 
Text-fig. 9 a it is perichondrally ossified and possesses a dorsal 
marrow cavity. The ossified portion marks the anterior limits 
of the pars media. The additional cartilage present in the figure 
represents a ventral process of the extraplectral. Text-fig. lib 
represents a section in the region of the opening of the 
Eustachian tube; the pars media lies in the connective tissue 
underneath the crista parotica, to which it is much more closely 
approximated than in the frog. It is a roundish bone with a 
central marrow cavity. Text-fig. 11 o marks the appearance 
of the pars interna, as cartilage medial and ventral to the pars 
media and in cartilaginous continuity with the otic capsule. 
Text-fig. 11 d marks the liberation of the pars interna and the 
appearance of the operculum, which is seen in the following 
sections to lie between the pars interna and the otic capsule’s 
ventral ridge. In Text-fig. lie the pars interna is about to 
disappear from section and the operculum has the form of a 
half-moon, lying external to the foramen ovale, in a sort of 
vestibule termed the fossa fenestrae ovalis, in which is located 
the ductus fenestrae vestibuli, a diverticulum of the peri¬ 
lymphatic space. The fossa is particularly deep and voluminous 
in Phrynomerus. The operculum is posteriorly prolonged 
beyond the foramen ovale, its transverse section in this region 
appearing rounded. It will therefore be seen that the auditory 
apparatus in Phrynomerus is very similar to that of the 
frog; the main differences will be enumerated in the general 
r6sum6. 

The lower jaw. 

The Anura are remarkable for the great reduction of the 
membrane bones of the lower jaw, the angular (= goniale) and 
the dentary being the only ones represented. One cartilage bone 
develops; the mentomandibular or mentomeckehan, in 
the form of a periohondrially ossified sheath of the cartilage of 
Meckel, lateral to the mental symphysis. The contained carti¬ 
lage pith of the mentomandibular shows incipient enchondral 
ossification in Eana (and Arthroleptella), but the marrow 

NO. 292 ZZ 
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cavity does not entirely oust the remains of Meckel’s cartilage. 
In Phrynomerus, however, the latter is the case. It is of 


Text-fig. 11a. Text-fig. 116. Text-fig. 11c. 

g.t. cnL.fi. 



Text-fig. lid. Text-fig. lie. 



Consecutive transverse sections through the otic region, d.f.v., 
ductus fenestrae vestibuli; E.t, Eustachian tube; /./.o., fossa 
fenestrae ovalis; h.c., horizontal canal; op., operculum ; p.i.p., 
pars interna plectri; p.m.p., pars media plectri ,* v.pr., ventral 
process of the extraplectral. Other abbreviations as in previous 
figures. 

great interest, that the medial epiphysis of the mento-mandibular 
is dorsally and ventrally overlain by cartilage and has its own 
marrow cavity (Text-fig. 12 a). Upon the disappearance of the 





Consecutive transverse sections through, the muscles and skeletal 
structures of the anterior gular region, ci., external cartilaginous 
ring encasing the mento-mandibular; e.gh.l., external division of 
the geniohyoideus lateralis ; gh.m., geniohyoideus medialis; hyg., 
hyoglossus; i.gh.l., internal division of the geniohyoideus lateralis; 
mm., mento-mandibular; sm.c., symphysial cartilage; sbm.> 
submentalis. Other abbreviations as in previous figures. 
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mento-mandibular from sections, its lateral epiphysis persists, 
and a most extraordinary arrangement results, as this cartilage, 
weakly ossified on its anteromedial surface, may be traced back¬ 
wards as a bar running parallel to the lower jaw (Text-fig. 12 b). 
This peculiarity is to my knowledge perfectly unique among 
living vertebrates, and an adaptation of doubtful purpose. The 
musculature of the symphysial and throat region is considerably 
modified ; the musculus submentalis is, enlarged and attached 
to the posterior diverticula of Meckel’s cartilage described above. 
The mm, geniohyoidei are now usually treated as two distinct 
muscles (Bigalke, 1926); the m. geniohyoideus medialis and the 
m. geniohyoideus lateralis. The two muscles remain separate as 
in Bufo (Bigalke, 1926), whereas in Ban a they fuse towards 
their middle. The m. geniohyoideus medialis lies dorsal to the 
m. submentalis as in the frog, but instead of being situated 
ventral to the m. hyoglossus and the m. geniohyoideus lateralis, 
it lies medial to both (Text-fig. 12 b). This arrangement' is 
unquestionably due to the enlargement of the m. submentalis 
and the consequent separation of the two mm. hyoglossi. When 
the latter first appear, they are closely approximated to the 
medial surface of the medial portion of the m. geniohyoideus 
lateralis (Text-fig. 12 b), and like this muscle, acquire attach¬ 
ment to the Meckelian diverticulum, so that its fibres run 
transversely. When the Meckelian diverticulum disappears, 
approximately in the region of the anterior margin of the choanal 
opening, the m. hyoglossus shifts dorsally, to lie between the 
tongue and the m. geniohyoideus medialis (Text-fig. 12 c). The 
m. geniohyoideus lateralis is a large muscle, consisting of two 
divisions as in Bufo and running in close proximity to the 
lower jaw. 

It therefore appears that the Meckelian diverticulum owes 
its presence to the necessity of a strong attachment for the 
m. submentalis, m. hyoglossus, and the medial portion of the 
m. geniohyoideus lateralis, the m. geniohyoideus medialis being 
comparatively small. The most remarkable feature of the 
musculature of the symphysial region is, however, the enlarge¬ 
ment of the otherwise small m. submentalis whose function is 
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described by Gaupp (1896) in ‘ Die Anatomie des Frosohes ’, 
where the closing of the narial apertures is attributed to its 
contraction. But it is not improbable that an enlarged sub- 
mentalis may be associated with the loss of teeth as well. 
Gaupp (1896) describes as the function of the geniohyoidei that 
of an opener of the mouth and of the narial aperture, so that it 
is quite comprehensible that enlargement of the geniohyoideus 
must necessarily entail enlargement of the submentalis. Why 
the apparatus for opening and closing of the nostrils should be 
so strongly developed in Phrynomerus is not easily ex¬ 
plained, since very little is known of the habits of the animal. 
But it may possibly be associated with the prolonged hiberna¬ 
tion of the frog in tree-trunks, &c., during which period there is 
a diminution, if not actual cessation of respiratory movements. 

The rest of the lower jaw offers few features of interest; the 
dent ary and angular (= goniale = dermarticulare) are 
both toothless and conform to the type met with in Ban a. 

The Hyoid Apparatus. 

This was dissected out and drawn with the aid of the Gunther- 
Metz apparatus; Text-fig. 18 presents a sketch made from the 
ventral aspect. The cornua principalia are slender cartilage 
rods fused synchondrotically with the otic capsule, although 
the point of fusion can be clearly seen in transverse sections 
through the otic region. There are no processes anteriores, so 
that the manubrium passes into the cornu beyond the sharp 
angle indicated in the figure. The two angles are joined by 
tough connective tissue, which however shows no signs of 
chondrification. The processus alares are very large blade-like 
structures, not separated from the corpus by a neck as in R a n a. 
The processfis postero-laterales are sharp conical structures 
transversely situated, not directed backwards as in Ran a. 
Owing to the enormous heart-shaped intermanubrial hay, which 
is continued into the corpus, the latter is much smaller than in 
Ran a and is predominantly transversely developed; as a 
result of this peculiarity, the ossified processfis thyreoidei do not 
touch each other medially, but are separated by the posterior 
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boundary of the corpus, ■which in this region consists of a thick 
cartilaginous ridge, probably developed in response to the need 
of extra firmness in the thyreoid region of the hyoid apparatus. 


Text-big. 13. 



The metamorphosed toadlet of Phrynomerus. 

Mr. J. H. Power of Kimberley, who collected developmental 
material of Phrynomerus at Lobatsi, very kindly supplied 
the writer with a complete set, from which the young toadlet 
was microtomized. A very beautiful series of sections was 
obtained, a study of which has helped towards the elucidation 
of the peculiar buccal sacs described above. In a series of 
transverse sections through the head, the glandula inter- 
maxillaris is at first the most conspicuous object (see Text-fig. 
14 a). It is bounded dorsally by the solum nasi, ventrally by 
the two pairs of palatal premaxillary squames, laterally by the 



Consecutive transverse sections through the narial region of a fully 
metamorphosed toadlet. b.cr, 9 basis cranii; ch. f choana; c.p.i., 
cartilago praenasalis inferior; c.tr., cornu trabeculae; a.nl. y 
ductus naso-lacrimalis; f.ob., foramen orbito-nasale; l.sp. f 
lumph space; o., openings of the glandula intermaxillaris into 
the anlage of the prechoanal sacs (p.pc.8.); p.i,; plica isthmi ; 
pmx., premaxilla; p.s.pmx., palatal aquames of the premaxilla; 
rc.l., recessus lateralis ; s.M.c. y symphysial portion of Meckel’s 
cartilage. Other abbreviations as in previous figures. 
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crista subnasalis, and consists of tubules with remarkably wide 
lumens. The centre of the intermaxillary gland-mass is next 
occupied by a large central cavity (Text-fig. 14 b) on whose 
dorsal surface the glandular tubules have numerous openings. 
The central cavity referred to above is in reality the unpaired 
anlage of the two prechoanal sacs described in the adult, and is 
ontogenetically to be considered as a vestibule into which the 
intermaxillary gland opens. The anatomical details of the gland 
are described by Krause (1928, p. 457) for Eana, in which the 
openings (20-25) are located half-way between the pulvinar sub- 
rostrale and the vomer. If we imagine this region of the buccal 
cavity to undergo an evagination, the vestibular unpaired 
anlage of the prechoanal sacs of Phrynomerus becomes 
easily intelligible. The choana of the larval, or at any rate, post- 
metamorphic Phrynomerus also opens into the vestibule, 
which is therefore in communication with the narial cavity and 
with the buccal cavity as is the organ of Jacobson in Amniotes 
(see Text-fig. 14 c). The point of communication of the vestibule 
with the buccal cavity is seen in Text-fig. 14 d ; the recessus 
lateralis in Phrynomerus has a bifurcated ventral plical 
boundary, whereas in Eana it is single. The difference is 
however unreal, for when transverse sections of the choanal 
region of Eana and Phrynomerus are compared, it be¬ 
comes clear that the dorsal ridge in Phrynomerus is the 
plica palatalis of Eana and the ventral the palatal ridge 
(=Gaumenfalte of Krause = Gaumenleiste of Gaupp). The 
correctness of this homology becomes patent when Text-fig. 14 
is compared with Text-fig. 14 d. The palatal fold is, therefore, 
not present in Phrynomerus prechoanally, since it is fused 
with its fellow on the opposite side to cover over the unpaired 
anlage of the prechoanal sacs. 

The rest of the anatomy of the head region of the toadlet is 
not of such great interest, but will be briefly reviewed. The 
plica obliqua is beginning to develop, but is relatively smaller 
than in the adult. Of the two * Wiilste ’, only the larger, taking 
the place of the alary cartilage, is present. The recessus saeci- 
formis is present. The recessus medialis, supposed to represent 
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the organ of Jacobson in Anura, is in close proximity to the 
glandnla intermaxillaris, a fact not devoid of interest, since the 
analage of the prechoanal sacs is therefore more closely ap¬ 
proximated to what might be termed the nasal portion of 
Jacobson’s organ. 

The membrane bones of the facial region of the skull are in 
the process of developing as densifications in the cutis, but the 
vomer, palatine, and septomaxillary are absent. The maxilla 
and premaxilla show no traces of dental vestiges. 

The fronto-parietals are beginning to develop and show the 
same relation to the chondocranium as in the adult. The 
transverse taenia is absent, but the median is well developed. 
The parasphenoid is firmly established as a median ventral 
membrane bone. 

The muscles of the gular region have already acquired their 
adult arrangement and the diverticula of Meckel’s cartilage are 
established. The mento-mandibular is absent, as no cartilage 
bone whatsoever is as yet present in the skull, but the dentary 
and articular are beginning to form. 

Contrary to expectation, the ear is as yet in a very primitive 
condition: the annulus tympanicus is entirely absent, and the 
Eustachian tubes are feebly indicated as shallow evaginations 
of the buccal cavity, running in a dorso-lateral direction between 
the pars quadrata palatoquadrati and the point of fusion of the 
hyale with the otic capsule. The remarkable point about the 
processus basalis is its apparently autochthonous origin, which 
was also remarked upon by Gaupp. In Phrynomerus, too, 
the cartilage of the processus basalis is histologically quite 
distinct from that of the pars quadrata or of the otic capsule, 
inasmuch as it is more procartilaginous, has many more cartilage 
cells lying in small cartilage cavities (‘ Knorpelhohlen ’ of Ger¬ 
man authors) and separated by a comparatively small amount 
of matrix. Of much morphological interest is the fact that the 
hyale is not fused to the otic capsule proper, but to the processus 
basalis, so that the first visceral arch is in cartilaginous con¬ 
tinuity with the hyale. It is, however, just possible that the 
processus basalis is a hyoid derivative, in which case also it 
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■would represent a communication between the first two visceral 
arches in Phrynomerus. The plectrum, according to 
Gaupp, develops independently of the lower margin of the 
foramen ovale, but subsequently effects a fusion with it. The 
present author does not consider the development 'of the plec¬ 
trum from the lower margin as being conclusively disposed of. 
In any case the plectrum is in the young Phrynomerus 
a cartilaginous rod only partially separated from the lower 
margin and not differentiated into the three ‘ partes \ The 
operculum has the usual bowl-like shape and possesses an exter¬ 
nal ridge to which a rudimentary muscle is attached. Muscle and 
ridge are totally absent from the adult. According to Versluys 
(1924, deel II, p. 376) the operculum is an auditory cartilage 
developed in response to the needs of terrestrial life; in that 
case Phrynomerus must be on its way to becoming less 
terrestrial or more aquatic, since a more complicated opercular 
apparatus is recapitulated during the ontogeny. It is also very 
remarkable that Cacosternum, which I would call an 
aquatic toad, has a very large operculum with its attendant 
musculus opercularis. The development of the operculum is still 
disputed: Gaupp described as its anlage connective tissue 
filling the posterior division of the fenestra ovalis, but Versluys, 
quoting recent work of Kingsbury and Eeed, accepts its origin 
from the wall of the capsule. In the young PhrynomeruB 
the operculum is free from the lower lip of the foramen ovale, 
but is pressed lightly against the upper. There is, however, no 
cartilaginous continuity, the articulation being effected by the 
perichondria only. Finally,' it should be stated that a pars 
ascendens plectri is absent in the young as well as in the adult 
Phrynomerus. In fact this commissure between the plec¬ 
trum and the crista parotica is absent in all South African 
Anura examined by me, although most text-books of com¬ 
parative anatomy, under the influence of what one may be 
forgiven for terming the Eana complex, assume a universal 
presence of the process in A n u r a. 

The paraquadrate is already developed as a membrane bone 
on the outer face of the pars quadrata palatoquadrati; the 
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pterygoid is present on its inner surface, but does not invest the 
processus basalis. No trace of the quadratomaxillary is to be 
found yet. 

The hyoid apparatus still lacks the processes postero-laterales, 
and the processus alares are not clearly demarcated from the 
corpus. The thyreoids (processes postero-mediales) are un¬ 
ossified. 

EfisuMii. 

It is proposed to follow up this paper by one on Cacoster- 
num, in which the mutual affinities of the two South African 
genera lacking a procoracoid will be discussed. In the meantime 
a short resume of those points in which Phrynomerus 
differs from Rana with respect to its cranial characters may 
be useful. 

1. The plica obliqua is knob-like and suspended from the 
cartilage obliqua, not from the tectum nasi. 

2. The recessus sacciformis is absent in the adult, but re¬ 
capitulated in the young. 

8. There are remarkable prechoanal sacs in the adult, 
developed from an unpaired anlage into which the choanae and 
the glandula intermaxillaris open. The apparatus possibly 
represents remains of the buccal division of Jacobson’s organ, 
not previously described for anamniote tetrapods. 

4. The eminentia olfactoria is very high and supported by 
a cartilaginous axis. 

5. The bones of the secondary upper jaw are edentulous in 
the adult and the young; the same applies to the vomer and 
dentary. 

6. The premaxilla and maxilla are separated in the palatal 
region by a retrally flexed process of the crista subnasalis. 

7. The vomer surrounds the anterior and medial margins of 
the choana and therefore has a sickle-shaped form. It is fused 
with the palatine to form a vomero-palatine. 

8. The posterior bay in the nasal is deep and the bone does 
not articulate with the maxilla. 

9. The ‘ os en ceinture ’ consists of two entities separated by 
permanently cartilaginous material dorsal to the parasphenoid. 
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10. The optic foramen is not surrounded by cartilage, but is 
bounded anteriorly by the ‘ os en ceinture ’ and posteriorly by 
the prootic. 

11. The prootic does not send off diverticula dorsal and ventral 
to the crista parotica. 

12. The taenia medialis is absent from the adult, but present 
in the young. 

18. The transverse taenia is absent in both, so that a fenestra 
parieto-dorsalis results. 

14. The fronto-parietals, in the adult as •well as in the young, 
do not meet in the middle line, so that a large parieto-frontal 
foramen results. 

15. The pterygoid and paraquadrate effect an invasion of the 
invested cartilage similar to the invasion of the quadrate 
cartilage by the quadrato-maxillary. 

16. The annulus tympanicus is not a complete ‘ annulus 
but sickle-shaped. 

17. The pars externa plectri is enlarged to form an extra- 
plectral. 

18. The pars ascendens plectri is absent in the young, 
probably also in the adult, or possibly reduced to a mere vestige. 

19. The elongated crista parotica and processus oticus 
palato-quadrati are responsible for the separation of the per¬ 
manent suspensorium from the otic capsule. 

20. The general ectoderm is not specially modified over the 
tympanal portion of the middle ear. 

21. The lower jaw has a pair of backwardly directed diverti¬ 
cula of Meckel’s cartilage, the presence of which is associated 
with considerable modification of the musculature of the gular 
region. 

22. The hyoid apparatus lacks a processus anterior in the 
adult, although they are feebly indicated in the young. The 
corpus is small and the alary processes large and blade-like. 

28. The hyale fuses with the processus basalis of the young. 



SKULL OF PHRYNOMERUS 


703 


List of Literature Cited. 

Abel, 0. (1929).—* Stammesgeschichte und Palaobiologie.’ Fischer, Jena. 

Bianconi, J. J. (1850).— 8 Specimina zoologica mosambicana.’ Bononiae. 

Bigalke, R. (1926).— 6 Zur Myologie der Erdkrote, Dissertation.’ Berlin. 

Boulenger, G. A. (1882).—‘Catalogue of the Batrachia salientia sive 
Ecaudata in the collection of the British Museum.’ 

-(1906-9).—“ A revised list of the South African Reptiles and Batra- 

chians ”, ‘ An. S. African Mus.’, vol. v, p. 455. 

Broman, I. (1919).—“ Das Organonvomero-nasale Jacobsoni—ein Wasser- 
geruchsorgan! ”, ‘Anat. Hefte Bd. 58, S. 143. 

Broom, R. (1902).—“ On the Mammalian and reptilian vomerine bones”, 

* Proc. Lin. Soc. N.S.W.’, vol. 28, part 4. 

-(1915).—“Origin of Mammals”, ‘Phil. Trans. Roy. Soc., London’, 

vol. 206 B. 

de Villiers, C. G. S. (1929).—“The comparative anatomy of the breast- 
shoulder apparatus of the three aglossal Anuran genera: Xenopus, 
Pipa, and Hymenochirus ”, ‘ An. Tvl. Mus.’, vol. xiii, p. 37. 

-(1929).—“ On the development of a Jonkershoek species of Arthro- 

leptella ”, ‘ S. African Joum. of Science ’, vol. xxvi. 

Gaupp, E. (1892).—“ Beitrage zur Morphologic des Schadels, I. Primor¬ 
dial-Cranium und Kieferbogen von Rana fusca ”, ‘ Morphol. Arb.’, Bd. II, 
S. 275. 

-(1894).—“Beitrage zur Morphologic des Schadels. III. Zur ver- 

gleichenden Anatomie der Schlafengegend am knochemen Wirbeltier- 
schadel”, ibid., Bd. IV, S. 77. 

Gaupp, E., Wiedersheim, R. und Ecker, A. (1896).—‘Anatomie des 
Frosches ’, Bd. I. Vieweg, Braunschweig. 

— (1904),—Bd. ILL 

Gaupp, E. (1906).—“ Kopfskelett ” in 0. Hertwig’s ‘ Handbuch der 
vergleiohenden und experimentellen Entwickelungslehre der Wirbeltiere ’, 
Bd. Ill, Teil 2 und 3, S. 573. 

Giinther, A. (1858).—‘ Catalogue of the Batrachia salientia in the collection 
of the British Museum.’ 

Hewitt, J. (1911).—“ Records of South African Lacertilia and Amphibia ”, 
6 An. Tvl. Mus.’, vol. iii, p. 42. 

-(1919).—“ Anhydrophryne rattrayi, a remarkable new frog from Cape 

Colony ”, ‘ Rec. Alb. Mus.’, vol. iii, p. 182. , 

Kothe, K. (1910).—“ Entwickelungsgeschichtliche XJntersuchungen uber 
das Zungenbein und die OhrknOchelchen der Anuren ”, *Archiv f. 
Natges.’, Bd. 76. 

Krause, R. (1923).—‘ Mikroskopische Anatomie der Wirbeltiere in Ein- 
zeldarstellungen. IH. Amphibien.’ De Gruyter, Berlin. ' 



704 


0. G. S. DE VILLIERS 


Loveridge, A. (1925).—“Notes on East African Batrachians, collected 
1920-3, with description of four new species ”, * Proc. Zool. Soc.’, p. 763. 

Mayer, P. (1920).— 6 Zoomikrotechnik.’ Borntrager, Berlin. 

Nieden, F. (1926).— 4 Anura II, Engyostomatidae, Das Tierreich/ 49ste 
Liefg. 

Noble, G. K. (1922).—“ The phylogeny of the Salientia. I. The osteology 
and the thigh musculature: their bearing on classification and phylo¬ 
geny ”, 4 Bull. Am. Mus. Nat. Hist.’, vol. xlvi, p. 1.. 

—- (1924).— 44 Amphibia ”, in 44 Contributions to the Herpetology of the 
Belgian Congo ”, ibid,, vol. xlix, p. 147. 

-(1926).— 44 An analysis of the remarkable cases of distribution among 

the Amphibia, with descriptions of new genera”, ‘Am, Mus. Nov.’, 
No. 212. 

-(1926a).—“A synopsis of the Brevicipitid Toads of Madagascar”, 

ibid., No. 232. 

'-(1926 &).— 44 The importance of larval characters in the classification 

of South African salientia ”, ibid., No. 237* 

-(1927).— 44 The value of life-history data in the study of the evolution 

of the Amphibia ”, 4 An. N.Y. Ac. Sc.’, vol. xxx, p. 31. 

Peters, W. (1867) (quoted in Boulenger, 1882).— 4 Monatsb. Ak. Wis. 
Berlin.’ 

Peters, W. C. H. (1882).— 4 Naturwissenschaftliche Reise nach Mosam- 
bique, Zoologia III: Amphibien p. 172. Reimer, Berlin. 

Power, J. H, (1926).—“Notes on the habits and life-histories of certain 
little-known Anura, with descriptions of the tadpoles ”, 4 Trans. Roy. 
Soc. S. Africa’, vol. xiii, part ii, p. 107. 

-(1927).— 44 On the herpetological fauna of the Lobatsi-Linokana area ”, 

ibid., vol. xiv, part iv, p. 405. 

Smith, A. (1849).— 4 Illustrations of the Zoology of South Africa Reptile 
volume. Smith, Elder, London. 

Stadtmuller, F, (1929).—“ Nachweis eines Basioccipitale bei einem rezenten 
Amphibium, Vorweisungen zur dritten wissenschaftlichen Sitzung der 
anatomisohen Gesellschaft (Tubingen) ”, 4 Erg&nzungsheft zum 67en 
Band des Anat. Anz.’, S. 219, 

von Bonde, C., and Gilchrist, J. D. F. (1919).—‘The Platana and the 
Frog.’ Cape Times, Cape Town. 

Versluys, J. en anderen (1924).— 4 Leerboek der vergelijkende ontleedkunde 
van de Vertebraten 2 deelen. Oosthoek, Utrecht. 

Wager, V. A. (1926).— 44 Breeding habits and life-histories of some of the 
Transvaal Amphibia ”, 4 Trans. Roy. Soc, S. Africa vol. xiii, part ii, 
p. 163. 

(1929).— 44 Breeding habits and life-histories of some of the Transvaal 
Amphibia, II ”, ibid., vol, xvii, pt, ii, p. 125. 



SKULL OF PHRYNOMERUS 


705 


Werner, F. (1910).—“ Reptilia et Amphibia ” in e Zoologische und anthro- 
pologische Ergebnisse einer Forschungsreise im westlichen und zen- 
tralen Sudafrika ’, Bd. IV, S. 294. 

General Key to the Abbreviations employed and the Figures in 

WHICH THEY ARE FIRST INTRODUCED AND EXPLAINED. 

3, ang .; 9, a.t.; 3, bc.c.; 14, b.cr.; 8, bl.v.; 9, c.cr.b .; 14, ch.; 1, c.i.; 

7, cn.t.; 14, c.p.i .; 13, c.pr.; 1, cr.ob.; 10, cr.p .; 13, crps.; 12, ct.; 

14, c.tr .; 3, cv.i.; 1, cv.m .; 1, cv.p .; 8, diac .; 8, die .; 7, d.l.t.; 11, d.f.v.; 
3, dn.; 14, d.nl .; 9, d.pr .; 10, dv.; 3, e.b.c.; 12, e.gh.l.; 1, ec.ves . ; 
3, e,ol.; 11, W.t.; 9, expl.; 11, /./.o.; 6, f.o .; 14, f.ob .; 6, f.pr .; 7, /rp.; 
12, gh.m.; 3, gl.im.; 8, gin.; 1, gl.n.l.; 1, gl.n.m.; 11, &.c.; 12, hyg.; 

12, ; 1, m/.; 2, Z.-y.r.s.; 1, l.s.; 14, Z.sp.; 3, l.s.v.; 1, l.w.ox .; 

13, man .; 7, m.c.; 3, M.c.; 9, md.e.; 8, mes.; 12, mm .; 8, ms.; 7, m.tr.; 

3, flwe.; 1, na .; 14, o.; 6, o.c.; 8, ocl. ; 9, o.cr.p.; 6, o.e.c.; 11, op.; 
13 ,p.a.; l,par.; 8,p.&. ; 3 ,pc.s.; 10 ,p.e.p.; 4,p./.; 14 ,p.i .; 11 ,p.i.p.; 
1 ,pl.ob.; 3, p.m.; 11 ,p.m.p.; I4i,pmx.; 4, p.p.; 13,p.pZ.; 13, p.pm.; 
9, p.pt.; 9, p.q.; 6, pr.; 9, pr#.; 8, p.s.; 14, p.s.pmx.; 3, p.Z.; 9, ptg.; 
9, qmx.; 14, rc.l.; 12, s&m.; 12, sm.c.; 14, s.M.c.; 3, s.n .; 3, so.n.; 

1, spmx.; 1, t.n.; 7, tr.ol.; 3, v.; 1, ves .; 11, v.pr.; 2, v.v.r.5.; 1, W.I .; 

2, W.II. 

C. G. S. de Villiers, 

Stellenbosch, 

27th Nov. 1929. 






The Early Development of the Chondrocranium 
of the Lizard. 

By 

G. R. de Beer, M.A., B.Sc v IYL.S., C.M.Z.S., 

Fellow of Merton College, Lecturer of Magdalen College, Jenkinson Lecturer 
in Embryology, and University Demonstrator in Zoology, Oxford, 

With 28 Text-figures. 


Contents. 

PAGE 

I. Introduction .707 

II. Description op Stages .709 

Explanation op Lettering .710 

III. Discussion .. . 730 

A. The nasal capsule.731 

B. The fenestra ovalis and the basicapsular fenestra . . 733 

C. The planum supraseptale, ala orbitalis, and interorbital 

septum.734 

D. The phylogenetic position of the Lacertiliain the light 

of the chondrocranium.735 

IV. Summary ., . , 737 

V. List op Literature Cited .773 


I. Introduction. 

The embryonic skull of the lizard was one of the first to be 
studied by modern critical methods, and now the morphology 
of the chondrocranium of the L a c e r t i 1 i a may be regarded as 
well known, thanks to the work of Gaupp on Lacerta 
agilis (31 mm. stage (1900) and 47 mm. stage (1906)), of 
Rice (1920) on Eumeces (various stages), and of Pearson 
(1921) on Lygosoma. However, with the exception of 
Leydig’s (1872) work on Lacerta and Anguis, Parker’s 
(1879) on Lacerta, and SewertzofFs paper (1900) on Asca- 
labotes, none of which are very detailed, practically no 
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investigations have been made into the embryology of the 
lacertilian chondrocranium. The present paper is an attempt to 
fill this gap, as a result of a study of some two dozen embryos of 
Lacerta agilis of varying stages of development, prepared 
according to van Wijhe’s method (1902), as amended (1922), 
using victoria blue. 

The material was obtained and preserved by Professor E. S. 
Goodrich in Naples, and I wish here to record my gratitude to 
him for very kindly turning some of it over to me for this work. 
The embryos were removed from their shells, and only those 
which were living and healthy were fixed and used. Unfor¬ 
tunately, it was impossible to determine the respective ages of 
embryos of the different stages, and it was necessary to have 
recourse solely to measurements. The shape of the lacertilian 
. embryo is such that the body from the tip of the snout to the 
tip of the tail is coiled twice on itself, with the result that the 
so-called ‘ greatest length ’, from the prominence of the mid¬ 
brain to the root of the tail, is very variable, and depends on 
the degree of tightness of the coil. For comparative purposes, 
therefore, measurements of greatest length are of little use, and 
the investigator is driven to adopting the head-length as his 
standard of comparison. The various stages figured and 
described in this paper are enumerated below. 

Stage, Embryo. Head-length, 


1 

X 

mm. 

2-25 

2 

A 

2-5 

3 

G 

3-5 

4 

H 

4 

5 

I 

4 

6 

B 

4*5 

7 

C 

5 

8 

D 

5*25 

9 

E 

5*25 

10 

F 

5*5 


The most advanced stage described in this paper leads on con¬ 
veniently to the younger of those which Gaupp worked at. 
Gaupp’s model, reproduced in wax by Ziegler, was used as 
a standard of comparison and as a check to the interpretation 
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of the drawings which were made directly from the preparations 
under a camera lucida. In addition, a number of sets of serial 
sections of Laeerta at various stages were used to confirm 
the reconstructions. It should be remembered that the victoria- 
blue method of van Wihje is specific for chondrin to the exclusion 
of procartilage, with the result that embryos prepared by this 
method may appear to be unduly delayed in their chondrifica- 
tion as compared with reconstructions made from sections of 
the same stages. In the latter case, it almost always happens 
that the line of demarcation between cartilage and procartilage 
is interpreted very liberally for the cartilage. In any case, the 
differences are slight, and the matter is of little importance. 

The work was done in the Department of Zoology and Com¬ 
parative Anatomy of the Oxford University Museum, in which I 
enjoyed the unfailing encouragement of Professor Goodrich. 

II. Description op Stages. 

Stage 1 (embryo X, H.L. 2-25 mm., Text-fig. 1).—The first 
part of the cartilaginous skeleton to chondrify is Meckel’s 
cartilage, and some of the embryos of this stage show no other 
visible skeleton. In others, however, it is possible to make out 
a thin film of cartilage on each side of the notochord, beneath 
the hind-brain, and continuous posteriorly with a small uprising 
occipital arch on each side. All the roots of the hypoglossal 
nerve emerge freely in front of the occipital arch of their own 
side, passing over the parachordal. In such embryos, the chondri- 
fication of Meckel’s cartilage is obviously more advanced than 
that of the parachordal and occipital arch. The lizard must 
therefore be counted among those forms in which the splanchno- 
cranium develops before the neurocranium. 

Stage 2 (embryo A, H.L. 2-5 mm., Text-figs. 2 and 8).—The 
chief difference between this and the previous stage is the fact 
that the auditory capsule has put in its appearance, as a thin 
film of cartilage moulded round the lateral surface of the utricle. 
It must also be noticed that the hindmost of pair roots of the 
hypoglossal nerve has been enclosed in a foramen by a bar of 
cartilage which projects sideways and upwards from the para- 

3 A 2 
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Text-fig-. 1. 



Pig. L—Lateral view from the left side of embryo X, stage 1, 
H.L. 2*25 mm. 

Explanation of Lettering. 

a, aditus eonchae; oc, auditory capsule ; 6c, basicapsular commis¬ 
sure; bd, basidorsal cartilage; 6/, basicapsular fenestra; bt, basi- 
trabecular process; c, eye; ca, columella auris; chi, cornu 
branchiale primum (1st ceratobranchial); cb2, cornu branchiale 
secundum (2nd ceratobranchial, distal portion); cb2a, 2nd cerato- 
branchial, proximal portion; cc, cavum conchale; ch, cornu hyale 
(ceratohyal); co, concha nasalis; cp, crista parotica; cr, crista 
sellaris; cs, sphenethmoid commissure; dgl, duct of lateral nasal 
gland; <#, dental lamina; en, external nostril; fa, foramen 
apicale; fb, basicranial fenestra; fbr, fore-brain ; fe, foramen 
epiphaniale; fep, fenestra epioptica; jf, foramen facials; fi, 
fenestra lateralis nasi; fm, fissura metotica; fmo, fenestra 
metoptica; fo, fenestra optica; fol, fenestra oflactoria; fp, 
fenestra prootica ; fs, fenestra septalk ; feu, fenestra superior nasi; 
g, gland; gl, lateral nasal gland; he, hypochordal commissure; 
&/, hypoglossal foramen or foramina; hh, hypohyal cartilage; hy, 
hypophysial fenestra; in, internal nostril; ip, incisura prootica; 
Jo, Jacobson’s organ; Ita, lamina transversalis anterior; Me, 
Meckel’s cartilage; mp, meniscus pterygoideus; n, notochord; 
oa, occipital arch; oc, cavity of olfactory sac; on, olfactory 
nerve; p, parachordal cartilage; pa, processus ascendens; 
pac, pila accessoria; pan, planum antorbitale; pao, pila antotica 
(prootica); pc, paraseptal cartilage; pe, processus entoglossus; 
pm, pila metoptica; pmp, processus maxillaris posterior; pp. 
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chordal to join the occipital arch behind it, on each side. The 
bar of cartilage in question may be regarded as a preoccipital 
arch, similar to that which has been demonstrated inScyllium 
and in Amblystoma by Goodrich (1911 and 1918), and in 
Lepus by de Beer and Woodger (in the press). In Lacerta 


Text-pigs. 2, 3. 



Fig. 2.—Lateral view from left side of the skull. 

Fig. 3.—Dorsal view of embryo A, stage 2, H.L. 2-5 mm. 

there are eventually (see Text-figs. 7 and 8) three such arches 
on each side, in front of the occipital arch. Between them these 
arches will enclose the three roots of the hypoglossal nerves in 

processus paroticus; pr, processus retroarticularis of Meckel’s 
cartilage; ps, planum supraseptale; pi, parietotectal cartilage of 
nasal capsule; q, quadrate cartilage; r, raphe between lateral and 
medial nasal processes, leading to aperture of Jacobson’s organ; 
re, recessus extraconchalis; ret, ramus ethmoidalis of profundus 
nerve; rl, ramus lateralis of ethmoid nerve; rm, ramus medialis 
of ethmoid nerve; $i, interorbital septum; sin, subiculum 
infundibuli; an, nasal septum; t, trabecula cranii; tc, trabecula 
communis; tl, true lateral wall of nasal capsule, forming inner 
wall of cavum conchale; tm, taenia marginalia; tme, taenia 
medialis; ts, tectum synoticum. 
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separate foramina. This condition is similar to that which 
Sewertzoff (1897) observed inAscalabotes. At the stage in 
question in Lacerta (stage 2), the two anterior pairs of roots 
of the hypoglossal nerve are still free. 

Stage 8 (embryo G, H.L. 8-5 mm., Text-figs. 4, 5, and 6).— 
Text-figs. 4-6. 



hh-' NN., 

Fig. 4.—Lateral view from left side of the skull. 

Fig. 6.—Dorsal view of embryo G, stage 3, H.L. 3*6 mm. 

Fig. 6.— Ventral view of hyoid and branchial arches of embryo G. 

At this stage, the trabeculae cranii have made their appearance 
as a pair of bars of cartilage, in front of the parachordals. 
Posteriorly, the trabeculae diverge from one another, but 
anteriorly they converge and fuse to form the trabecula com¬ 
munis, which extends forwards for a little way. It has not 
been possible to find a stage in cartilage at which the trabeculae 
were not already fused to form a trabecula communis. The 




CH0NDR0CRANIUM OF THE LIZARD 


718 


auditory capsule shows a fine process directed downwards, and 
slightly towards the lateral edge of the parachordal of its own 
side. In front of this process is the quadrate, which is not, as 
yet, in contact with either Meckel’s cartilage or the auditory 
capsule. Posteriorly, the enclosure of the hypoglossal root is 
proceeding, but unequally on the two sides. On the left, the 
second root is definitely enclosed, while, on the right, it runs 
through a deep notch. In some embryos at this stage the 
incipient chondrification of the columella auris may be observed. 

The so-called ‘ hyoid ’ skeleton at this and the subsequent 
stages is in an interesting condition. There is a median processus 
entoglossus (or processus lingualis) corresponding to a basihyal 
and chondrifying independently. On each side of the posterior 
end of this basihyal is a pair of separate nodules of cartilage 
which represent the hypohyals, and lateral to them are the 
ceratohyals in the form of thin rods extending backwards and 
outwards. Between the ceratohyals are two more pairs of rods 
of cartilage, chondrifying independently. These are the first 
and second ceratobranchials. Whereas at these stages all these 
cartilages are still separate, they eventually all fuse together, 
as shown in fig. 886 on p. 771 of Gaupp’s (1906) description of 
a 47 mm. embryo. The hypohyal and ceratohyal of each side 
then form the cornu hyale or anterior horn of the hyoid. Simi¬ 
larly, the first ceratobranchial gives rise to the cornu branchiale 
primum and the second ceratobranchial to the cornu branchiale 
secundum. The latter structure represents a chondrification of 
the skeletal elements of the fourth visceral arch, and it would seem 
to be incomplete, for, as will be seen below, another cartilage 
belonging apparently also to the fourth visceral arch appears at 
later stages. 

Stage 4 (embryo H, H.L. 4 mm., Text-figs. 7 and 8).—The 
trabecula communis has extended forward between the eyes 
towards the septum separating the nasal sacs, but posteriorly, 
the hind ends of the trabeculae cranii are still free from the 
front of the parachordals. Where the anterior edge of the 
parachordals touches the notochord there has been no advance, 
but farther to the side a cartilaginous process is directed for- 



714 


a. R. DB BEER 


ward towards the hind ends of the trabeculae cranii. In this 
way, the front of the parachordals comes to present a hemispheri¬ 
cal concavity from the centre of which the notochord projects. 
This concavity marks the hind border of the future fenestra 
basicranialis. The lateral edge of the parachordal shows a little 
prominence which is directed towards the downward projection 


Tbxt-itos. 7,8. 



Fig. 7.—Lateral view from the left side of the skull. 
Fig. 8.—Dorsal view of embryo H, stage 4, H.L. 4 mm. 


from the auditory capsule of its own side, but as far as can be 
made out is still free from it. Behind this prominence all three 
roots of the hypoglossal nerve are now enclosed in separate 
foramina on each side. The occipital arches have extended 
upwards behind the auditory capsules, and it is now possible 
to outline a space comprised between the auditory capsule, 
the lateral edge of the parachordal, and the occipital arch, which 
space will eventually become the fissura metotica. The hind- 
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most portions of the parachordal of each side are now extending 
towards one another beneath the notochord, which will result 
in the formation of the hypochordal commissure. The chondri- 
fication of the auditory capsule is farther advanced, and portions 
of the roof as well as the septa of the semicircular canals are 


Text-figs. 9,10. 



present. The walls of the cochlear portion of the auditory 
capsule are, however, still membranous. Part of the columella 
auris is now present and can be seen as an independent nodule of 
cartilage situated behind the quadrate, in the middle of that 
persistently membranous portion of the side wall of the auditory 
capsule which will eventually become the fenestra ovalis. This 
nodule represents the proximal portion of the columella auris, 
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the so-called otostapes. The quadrate is now articulated with 
Meckel’s cartilage ventrally and with the side wall of the 
auditory capsule dorsally. No cartilaginous connexion 
between the quadrate and the columella auris was observed at 
this or any other stage. 

Stage 5 (embryo I, H.L. 4 mm., Text-figs. 9 and 10.)—Two 
new features have appeared at this stage, viz. the interorbital 
septum and the processus ascendens. The interorbital septum 
has begun to chondrify as a little strip of cartilage dorsal to the 
trabecula communis. Each processus ascendens is & bar of 
cartilage in a more or less vertical position, in front of the 
auditory capsules on each side, and quite free from any other 
cartilage. The most interesting features of this stage concern 
the relations of the auditory capsule to the parachordal, and 
here, unfortunately, the results are not as definite as in other 
regions. It may be stated at once that the investigation of the 
embryology of the chondrocranium of the lizard by means of 
the van Wijhe technique has been more difficult than in the case 
of any other type of vertebrate. The extreme fineness of the 
strips of cartilage and the difficulties attending the dissection 
of the preparations prior to mounting have been a handicap 
to the interpretation of the relations in the more complicated 
regions. This is especially the case in the region in question, 
principally owing to the apparent superposition of structures 
seen in a total preparation. However, by careful comparison 
between several preparations and reference to serial sections, the 
following points can be made out. The cochlear portion of the 
auditory capsule becomes chondrified (in continuity with the 
rest of the capsule) and acquires a connexion with the para¬ 
chordal. From the earliest of these stages it seems that the 
facial nerve is enclosed in its facial foramen, and therefore the 
connexion between the cochlear part of the auditory capsule 
and the parachordal must be composed of a prefacial commissure 
as well as an anterior basicapsular commissure. 

Farther back, the process which at earlier stages was described 
as projecting towards the prominence on the lateral edge of 
the parachordal now comes into contact with the latter. It is 



OHONDRO CRANIUM OF THE LIZARD 


717 


very important to define this process, and it may be described 
as the strip of cartilage which forms the lateral and anterior 
borders of the foramen perilymphaticum of the definitive 
auditory capsule. 

The result of these relations is that between the auditory 
capsule and its process described in the previous paragraph, the 
lateral edge of the parachordal, and the anterior basicapsular 
commissure, there is a gap which at this stage is free from 
cartilage. Into the upper portion of this gap the proximal end 
of the columella auris projects, and so this portion of the gap 
may be regarded as the fenestra ovalis. The lower portion of 
the gap, however, owes its existence solely to the delay in 
chondrification of the floor of the cochlear portion of the 
auditory capsule. While the van Wijhe preparations show a 
clear space in this region, sections reveal the presence of pro¬ 
cartilage in an early stage of histological differentiation, and this 
procartilaginous floor of the auditory capsule is in contact with 
the lateral edge of the parachordal. These relations are of 
importance in view of the question of the relation of the fenestra 
ovalis of the auditory capsule to the so-called basicapsular 
fenestra of other forms. At the present stage in the development 
of the lizard, the fenestra ovalis is present, and it is continuous 
with a space which may be called the basicapsular fenestra and 
which represents merely the as yet unchondrified floor of the 
auditory capsule. 

Anteriorly, the parachordals are still free from the trabeculae, 
while posteriorly they have met beneath the notochord to form 
a hypochordal commissure. 

Stage 6 (embryo B, H.L. 4-5 mm., Text-figs. 11 and 12).— 
The hind ends of the trabeculae cranii have now established 
connexion with the anterior projections of the parachordals, 
with the result that a large pear-shaped gap is enclosed in the 
floor of the skull. This gap represents the conjoined fenestra 
basicranialis and fenestra hypophyseos of later stages, which 
have not yet become separated from one another. Opposite the 
base of each processus ascendens is a small lateral projection 
from the hindmost region of each trabecula cranii, forming the 
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basitrabecular process. Farther forward, the interorbital septum 
is now more extensive and has become connected with the 
trabecula communis below, and with a new structure, the 


Text-figs. 11,12. 



Pig. 11.—Lateral view from the left side of the skull. 

Pig. 12.—Dorsal view of embryo B, stage 6, H.L. 4*5 mm. 


planum, supraseptale above. The latter is really a paired struc¬ 
ture of which the two members have met in the middle line 
dorsal to the interorbital septum and beneath the brain. 
Anteriorly the planum supraseptale is continuous with a pair 
of processes which project to each side: the rudiments of the 
sphenethmoid commissures. In front of this again, the roof of 
the nasal capsule is beginning to chondrify in the form of the 
parietotectal cartilage. The trabecula communis now extends 
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between the paired nasal saes and gives rise in this region to 
the nasal septum. 

As regards the auditory capsule, the floor has now become 
cartilaginous, with the result that the fenestra ovalis has a 


Text-figs. 13,14. 



Mg. 13.—Lateral view from the left side of the skull. 

Mg. 14.—Dorsal view of embryo C, stage 7, H.L. 5 mm. 


median border. The walls and roof of the capsule are now well 
formed, and the quadrate abuts against a prominence formed by 
the lateral semicircular canal. 

It is interesting to note that at this stage the trabeculae make 
a fairly sharp angle with the parachordals. 

Stage 7 (embryo 0, H.L. 5 mm., Text-figs. 18 and 14).— 
The nasal and interorbital septa are now more extensive. 
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although unchondrified gaps remain in the form of septal 
foramina. Anteriorly, the parietotectal cartilages, which form 
the roof and part of the side of the nasal capsule, grow out of the 
nasal septum. The sphenethmoid commissures still end freely 
in front, but the planum supraseptale has enlarged to form a 
plate immediately underlying the end-brain. In the orbito¬ 
temporal region, the rudiments of the side wall of the skull are 
appearing in the form of a few struts, in which part of the taenia 
medialis (taenia parietalis media) can be recognized. The basi- 
trabecular processes are further developed and immediately 
above them is the small rudiment of the pila antotica. 

At the place where the trabeculae and paraohordals met, 
there is from the point of junction on each side a process pro¬ 
jecting inwards towards its fellow of the opposite side, and 
tending to divide the original large pear-shaped gap in the 
floor of the skull into an anterior fenestra hypophyseos and a 
posterior fenestra basicranialis. These processes form the rudi¬ 
ment of the crista sellaris, and its paired origin is unexpected. 
As far as can be made out, the space between the two halves of 
the crista sellaris in the middle line is occupied by the anterior 
end of the notochord. The angle between the planes of the 
trabeculae and of the parachordals, which was marked at the 
previous stage, has now been smoothened out to a considerable 
extent. 

The side wall of the auditory capsule bears a projection which 
juts out from the prominence for the lateral semicircular canal, 
behind the head of the quadrate. This is the crista parotica, 
to which, as Gaupp (1900 and 1906) showed, a structure which 
was in blastematous continuity with the columella auris and 
known as the processus paroticus, becomes attached. This 
processus paroticus eventually chondrifies, as will be sedn in 
stage 9. 

As regards the splanchnocranium, the posterior or dorsal 
portion of the skeleton of the fourth visceral arch has now 
chondrifled, as a pair of rods lying between the hind ends of the 
first ceratobranchials. 

Stage 8 (embryo D, H.L. 6-26 mm., Text-figs. 15 and 16).— 
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The chief advance which this stage shows concerns the side 
wall of the skull in the orbitotemporal region. The rudiment of 
the taenia medialis of the previous stage is now connected with 


Text-figs. 15,16. 
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Fig. 15.—Lateral view from the left side of the skull. 

Fig. 16.—Dorsal view of embryo D, stage 8, H.L. 5’25 mm. 

the trabecula communis by means of the pila metoptioa, and 
dorsally it is continuous by means of the pila accessoria with the 
taenia marginalia which extends forward as a slender strip of 
cartilage from the roof of the auditory capsule. Neither the 
taenia marginalia nor the taenia medialis have yet estab 
lished cartilaginous connexions with the planum supraseptale, 
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although the position of these future connexions is evident from 
the appearance of projections from the planum supraseptale 
itself. The hinder portion of the interorbital septum projects 
upwards and backwards towards the hinder part of the planum 
supraseptale, with which however it does not fuse. 

£n the nasal capsule the parietotectal cartilages are now more 
extensive, while the auditory capsules are now joined to one 
another above the brain by means of a slender bar of cartilage 
forming the tectum synoticum. This structure passes imme¬ 
diately behind the large and prominent endolymphatic sacs. 

The crista sellaris is now a complete bar, separating the 
fenestra hypophyseos from the fenestra basicranialis. The distal 
end of the columella auris bears a process which extends for¬ 
ward in the tympanum, and which corresponds to the pars 
inferior of the hyostapes pf Yersluys’s (1898) descriptions. At 
this stage, at least on one side of embryo D, this pars 
inferior is separate from the conical proximal portion of the 
columella auris, which confirms Versluys’s statement (1908) that 
the proximal and distal ends of the columella auris have separate 
centres of chondrification. 

The wall of the auditory capsule has now closed in round the 
footplate of the proximal end of the columella auris, with the 
result that the fenestra ovalis is reduced to its definitive size 
and that its aperture is blocked by the above-mentioned foot¬ 
plate. It is, however, important to remember that the columella 
auris arose as a separate cartilage without any connexion with 
the wall of the auditory capsule. 

Stage 9 (embryo E, H.L. 5-25 mm., Text-figs. 17 and 18).— 
This is the last stage of which a complete description of the 
chondrocranium will be given, for it may be compared directly 
with the earlier of the stages described by Gaupp (1900). The 
side wall of the skull in the orbitotemporal region is now as 
complete as it will ever be. The taenia marginalis extends from 
the planum supraseptale to the roof of the auditory capsule ; 
the pila metoptica joins the taenia medialis, which in turn is 
connected with the planum supraseptale in front, the pila 
accessoria above, and the pila antotica behind and beneath. 
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Text-figs. 17-20. 



Rg. 17.—Lateral view from the left side of the skull. 

18—Dorsal view of embryo E, stage 9, H.L. 5'25 mm. 
tk£ - in ‘Lateral view from the left side of the nasal capsule. 
Rg. 20—Dorsal view of embryo F, stage 10, H.L. 5-5 mm. 


In this way the side wall of the skull shows four large openings 
on each side in this region: the fenestrae optica, epioptica, 
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metoptica, and prootioa. The relations of the various nerves to 
these different apertures have been described by Gaupp (1900). 

The basitrabecular processes are now large structures, and 
a feature of considerable interest is the appearance of a small 
independent piece of cartilage between the basitrabecular pro¬ 
cess and the base of the processus ascendens. This is the so- 
called meniscus pterygoideus of Howes and Swinnerton’s (1901) 
description of Sphenodon, and the cartilago artioularis ossis 
pterygoidei of Gaupp’s (1900) description of Lacerta. A 
similar structure has been reported in E my s by Kunkel (1912). 
In his earlier work, Gaupp (1891) showed that the cartilago 
articularis was connected with the base of the processus asoen- 
dens in early stages, and subsequently (1902) he regarded it as 
the representative of the basal process of the palatoquadrate. 
This is probably correct. The processus ascendens is still an 
isolated cartilage, and it is to be noticed that the pterygoid 
process at its base has not yet developed (cf. stages described 
by Gaupp). In sections of an embryo slightly older than that 
here described it has been possible to confirm Broom’s (1924) 
observations (on the lacertilians Zonurus, Eremias, and 
Mabuia) that the strand of dense tissue which connects the 
base of the processus ascendens with the quadrate (described 
by Gaupp, 1891) sometimes undergoes chondrification. The 
quadrate cartilage of Lacerta is therefore not always free 
at this stage. 

As regards the columella auris, the pars inferior of the distal 
end is now fairly well developed, and the proximal and distal 
ends have joined to form a single rod, expanded at each 
extremity. Dorsal to the columella a small cartilage is seen 
lodged between the head of the quadrate and the crista parotica. 
Sections show that this little cartilage is in blastematous con¬ 
nexion with the columella auris, of which it represents the 
processus dorsalis, or intercalary, or processus paroticus. As 
already mentioned, this structure eventually becomes joined on 
to the crista parotica, as Gaupp (1900), Yersluys (1908), and 
Goodrich (1916) described. 

The fissura metotica is still open posterodorsally, for the 
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occipital arches have not yet fused on to the hind wall of the 
auditory capsules. Otherwise, the fissura naetotica has assumed 
its definitive form and bears the usual relations to the foramen 
perilymphaticum of the auditory capsule (de Beer, 1929). The 
foramen perilymphaticum is merely an unchondrified portion of 
the hinder part of the floor of the auditory capsule. 

Perhaps the most interesting features which this Btage pre¬ 
sents are connected with the nasal capsule. The parietotectal 
cartilages have extended right and left of the nasal septum, and 
by now a considerable portion of the roof and side walls of the 
capsule have been formed. Attached to the posterolateral 
corners of the parietotectal cartilages a new element has ap¬ 
peared on each side. This is the paranasal cartilage. 

The paranasal cartilage is shaped like a crescent with the 
convex side turned forward, and the two horns pointing back¬ 
ward, one above and the other below. The upper hom is 
attached to the free anterior end of the sphenethmoid commis¬ 
sure, and, slightly in front of this, the paranasal cartilage is 
attached to the parietotectal cartilage. In this way a pair of 
apertures is enclosed. Each of these apertures, which are the 
fenestrae olfactoriae, is bounded medially by the nasal septum, 
posterolaterally by the planum supraseptale and the spheneth¬ 
moid commissure, anterolaterally by the paranasal cartilage, 
and anteriorly by the parietotectal cartilage. 

Near the point of attachment of the paranasal cartilage to 
the parietotectal cartilage is the foramen epiphaniale, through 
which the lateral branch of the ethmoid nerve leaves the cavity 
of the nasal capsule, and the position of this foramen is of 
importance. Immediately beneath the foramen epiphaniale the 
paranasal cartilage forms as it were a duplication of the side 
wall of the capsule, for it is situated laterally to that hindmost 
portion of the side wall which is formed by the parietotectal 
cartilage. Between these two cartilaginous walls there is there¬ 
fore a space, the cavum conchale, which ends blindly behind, 
but opens forward by the so-called aditus conchae, and lodges 
the lateral nasal gland. The whole structure, which is shaped 
somewhat like a cone with the point directed backward, is 

3b2 
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known as the concha, and it.projects into the cavity of the 
definitive nasal capsule. The lower horn of the paranasal 
cartilage projects freely backward as the processus maxillaris 
posterior. 

The hind wall of the nasal capsule is represented by an inde¬ 
pendent paired cartilage, the planum antorbitale, situated at 
the side of the nasal septum, between the root of the spheneth- 
moid commissure and the processus maxillaris posterior. The 
floor of the nasal capsule is represented only by the isolated 
rudiments of the paraseptal cartilages, which extend for only 
a short way beneath the ventral edge of the nasal septum. 

Stage .10 (embryo F, H.L. 5-5 mm., Text-figs. 19 and20).— 
The main portions of the skull of this stage show no appreciable 
advance over that of the previous one; only in the nasal capsule 
have important advances been made. There, the lower pos¬ 
teriorly directed horns of the paranasal cartilages have become 
attached to the planum antorbitale of their own side. The latter 
has, however, not yet established connexion with the spheneth- 
moid commissure. When that has happened, there will still be 
a large lateral opening in the hinder part of the side wall of the 
nasal capsule : the fenestra lateralis, through which it is possible 
to see the concha as it projects backward into the cavity of the 
nasal capsule. This condition is illustrated in figs. 3 and 18 of 
Gaupp’s (1900) description of the skull of an embryo of L a c e r ta 
31 mm. in length, and Born’s (1879) fig. 1, PI. VI, of an embryo 
of Lacerta ready to hatch. 

Although Gaupp’s descriptions of the nasal capsule are excel¬ 
lent, they are somewhat difficult to follow, and it is not easy 
to visualize the geometrical relations without a series of trans¬ 
verse sections. For-this reason, a few sections through selected 
regions of the nasal capsule of an embryo of La.certa slightly 
younger than the earliest of Gaupp’s have been added (Text- 
figs.. 21-8)..., 

Text-fig. 21 passes through the external nostril and the 
fenestra narina through which the nasal sac communicates with 
the exterior. The roof of the eapsule is formed by the front part 
of the parietotectal cartilage, and the section passes through .the 
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small foramen apioale, through which the medial branch of the 
ethmoid nerve emerges. 

Text-fig. 22 shows the hinder portion of the fenestra narina 
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through which the duct of the lateral nasal gland leaves the 
olfactory sac to run back laterally to the wall of the capsule. 
The roof of the capsule is here perforated by the fenestra superior, 
which appears to have no morphological significance. 

The floor is formed by the lamina transversalis anterior, 
which is connected with the ventral edge of the parietotectal 
cartilage and was connected with the ventral edge of the nasal 
septum a few sections farther forward. 

Text-fig. 23 is behind the lamina transversalis anterior, and 
Jacobson’s organ is seen descending towards its opening into 
the buccal cavity. The fenestra superior is still shown, as are 
the paraseptal cartilages. Lateral to the true side wall of the 
capsule (formed by the parietotectal cartilage) may be seen the 
lateral branch of the ethmoid nerve and the duct of the lateral 
nasal gland. 

Text-fig. 24 is behind the fenestra superior, and so the roof 
of the capsule is complete. The section passes through the 
anterior acini of the lateral gland, which are accommodated in 
a groove in the wall of the capsule. The lateral branch of the 
ethmoid nerve is still lateral to the side wall of the capsule. 

Text-fig. 25 passes through the anterior region of the paranasal 
cartilage. It is lateral to the lateral nasal gland, which in turn is 
(together with the lateral branch of the ethmoid nerve) lateral 
to the true side wall. The gland therefore finds itself enclosed 
by cartilage in the cavum conchale, which the duct and the 
nerve have entered by its anterior opening : the aditus conchae. 

In Text-fig. 26. the paranasal cartilage has become attached 
to the parietotectal cartilage, but it does not form a complete 
cartilaginous wall because of the large fenestra lateralis. The 
lateral branch of the ethmoid nerve is now median to the para¬ 
nasal cartilage, and has entered the cavity of the nasal capsule 
(through its own small foramen epiphaniale). It is important 
to realize that the cavity of the concha (the cavum conchale) 
is really a part of extracapsular space, and it is lined throughout 
by what are really external capsular walls. The concha may be 
descriptively regarded as having been pushed into the cavity 
of the capsule at the spot where the paranasal cartilage becomes 
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attached to the parietotectal. Or, alternatively (and with a 
greater degree of probability), it may be said that the concha 
owes its existence to the fact that the paranasal cartilage has 
been reflexed forward, outside the side wall of the capsule 

Text-jigs. 27,28. 



Fig. 27, section 2-4-4; fig. 28, section 2-6-8. 


formed by the parietotectal cartilage. The result is that the 
cavity of the capsule bulges out and forward over the concha, 
and this bulge accommodates the recessus extraconchalis. The 
cause of this bulge is probably associated with the enormous 
size of the eyes, which press on the hind wall of the nasal 
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cap'sule, causing it to find the necessary accommodation for its 
contents in the manner described. 

In Text-fig. 27 the recessus extraconchalis is still open to the 
side through the fenestra lateralis. The lateral and median 
branches of the ethmoid nerve are now united, dorsal to the 
branches of the olfactory nerve, forming the ramus ethinoidalis 
of the profundus branch of the trigeminal nerve. 

In Text-fig. 28 the fenestra lateralis is no longer seen, for the 
planum antorbitale (itself attached to the lower horn of the 
paranasal cartilage) has established connexion with the spheneth- 
moid commissure (itself attached to the upper horn of the 
paranasal cartilage). The paraseptal cartilage has also run-ipto 
the median portion of the planum antorbitale, and, a few sections 
farther back, the planum antorbitale will be seen forming a 
complete hind wall to the cavity of the nasal capsule. 

III. Discussion. 

The only other lacertilian of which the earliest stages of 
development have been studied is Ascalabotes, by Sewert¬ 
zoff (1900), and it must be noted that there are considerable 
differences between the conditions which he describes and those 
which are given in this paper. According to Sewertzoff, the 
trabeculae in Ascalabotes appear wide apart and separate 
from one another, whereas in Lacerta I have found them to 
be joined anteriorly to form a trabecula communis from their 
earliest appearance. Then Sewertzoff describes the appearance 
at an early stage of a crista sellaris, connected on each side with 
an ‘ alisphenoid ’ (meaning the pila antotica) and unconnected 
either with the trabeculae in front or the parachordals behind. 
In Lacerta, however, as described in this paper, the chondri- 
fication of the crista sellaris and pila antotica occurs com¬ 
paratively late, and in continuity with the cartilages of the floor 
of the skull. In this respect, my observations are partly- in 
agreement with Parker’s (1879) on Lacerta. His earliest 
figured stage (PI. XXXIX, fig. 1) shows the trabeculae attached 
to the parachordals, and diverging freely anteriorly. On the 
other hand, in his next stage (PI. XXXIX, fig. 2) the trabeculae 
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have fuBed to form a trabecula communis but there is no crista 
sellaris. 

The comparison between the chondrocranium of Lacerta 
and that of other reptiles so far known is reserved for a later 
section of this discussion. It may, however, be noted here that 
Shaner (1926), who studied early stages of development of 
Chrysemys, found conditions comparable to those described 
by Sewertzoff for Ascalabotes; the trabeculae were free 
anteriorly and a structure was present corresponding to the 
crista sellaris. 

A discussion of the relations of the cartilages to the nerves 
and blood-vessels is unnecessary here, for they have been 
summarized in a previous work (de Beer, 1926). 

A. The nasal capsule. 

The nasal capsule of the lacertilian is a complicated structure, 
and a welcome light on its interpretation has been thrown by 
the recently acquired knowledge of the development of the nasal 
capsule in certain mammals. It has been shown by Terry (1917) 
in the cat, and confirmed by de Beer and Woodger in the rabbit, 
that three elements take part in the formation of the nasal 
capsule. There is (1) the parietotectal cartilage, which is con¬ 
tinuous with the dorsal edge of the nasal septum, and forms the 
anterior part of the roof and side wall of the capsule; (2) the 
paranasal cartilage, which forms the hind part of the side wall; 
and (8) the planum antorbitale which forms the hind wall. In the 
mammals mentioned these elements chondrify independently 
of one another, and subsequently become connected. Where the 
paranasal cartilage joins the parietotectal, the foramen epi- 
phaniale remains as a witness of the former space separating 
them. Further, as the paranasal cartilage overlaps the parieto¬ 
tectal, the posterior edge of the side wall formed by the latter 
projects into the cavity of the nasal capsule as the so-called 
crista semiciroularis. Now, although in the lizard it has not 
been possible to find a stage at whioh the paranasal oartilage 
was separate from the parietotectal, yet the position of, ttoe,' 
foramen epiphaniale may be taken as an indication of the line 
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of demarcation between these two elements. Further, this line 
is also that of the aditus conchae. Allowance has of course to 
be made for the fact that the paranasal cartilage is widely 
fenestrated (by the fenestra lateralis) in Lacerta, but this 
is not the case in Eumeces (Rice, 1920) or in Lygosoma 
(Pearson, 1921), where this cartilage forms an unbroken wall. 
Now the median wall of the concha of the lacertilian (represent¬ 
ing the posterior portion of the side wall of the capsule formed 
by the parietotectal cartilage) bears relations which are very 
comparable to those of the crista semicircularis of the mammal, 
and the mammalian condition would be still further approached 
if the cavity of the concha of the reptilian nasal capsule were 
obliterated by the approximation and fusion of its median and 
lateral walls, or if the lateral wall of the concha disappeared 
and the aditus conchae were closed by the paranasal car¬ 
tilage. 

It is not proposed to homologize the reptilian concha with 
the mammalian crista semicircularis, but an investigation into 
the causes contributory to the formation of the former might 
throw some light on the interpretation of the latter. Seydel 
(1896) considered the concha as an inpushing of the capsular 
wall due to the development of the lateral nasal gland. Gaupp 
(1900), however, inclined to the view that the accommodation 
of the gland in the concha is a passive result of another process, 
viz. the expansion of the cavity of the nasal capsule resulting 
in a bulging outward and forward of the side wall over the 
concha. It seems further not improbable that this process may 
have been associated with the huge size of the eye in the 
lacertilian, which presses on the capsule from behind. 

However, the latter factor is probably less important in the 
case of the other reptiles which possess a concha : crocodiles and 
snakes; and it can hardly be appealed to in the case of the 
mammals. 

The formation of the concha is therefore probably associated 
with an expansion of the cavity of the nasal capsule. The 
recessus extraconchalis of the lizard may be regarded as com¬ 
parable to the mammalian recessus anterior; but the concha 
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would not correspond to the mammalian maxilloturbinal as 
Gaupp (1900) supposes. 

Among other reptiles the presence of a concha is reported 
by Peyer (1912) for Vipera; by Brock (1929) for Lepto- 
deira; and by Shiino (1914) for Crocodilus. In birds 
TonkofT (1900) has shown for Gallus that a structure correspond¬ 
ing to the reptilian concha is present. 

B. The fenestra ovalis and the basicapsular 
fenestra. 

In many animals the cartilaginous auditory capsule becomes 
attached to the lateral edge of the parachordal by two com¬ 
missures known respectively as the anterior and posterior basi¬ 
capsular commissures (e.g. in the trout, de Beer, 1927). A gap 
is thus formed between the capsule laterally and the para¬ 
chordal medially known as the fenestra basioapsularis, and 
which ultimately becomes obliterated as the chondrification of 
the floor of the auditory capsule is completed. Now, in several 
places in his treatise, Gaupp (1906) states that this basicapsular 
fenestra becomes the fenestra ovalis (“fenestra vestibuli) of 
the auditory capsule of tetrapods, while it becomes obliterated 
in the fish (cf. loo. cit., pp. 588,725). As it stands, this statement 
is slightly misleading, for it would lead one to suppose that the 
medial border of the fenestra ovalis (into which the footplate 
of the columella auris fits) is formed of parachordal and therefore 
axial cartilage. There is no doubt that the medial border of the 
foramen ovale is formed of true capsular cartilage. However, 
as in many forms the chondrification of the floor of the capsule 
is delayed, the fenestra ovalis has for a time no medial border, 
and is therefore confluent with the basicapsular genestra. It 
is therefore hardly legitimate to say that the fenestra ovalis is 
a remnant of the basicapsular fenestra itself. 

When the condition in the tetrapod is compared with that of 
Selaohii, it is dear that the basicapsular fenestra o 4 the latte;' 
has no daim to represent any part of the fenestra ovalis. .The 
position of the fenestra ovalis is morphologically indws&s&'W 
the point of artioulation of the hycmswdibula. 
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considerable distance lateral to the basicapsular fenestra. In this 
connexion it is of the greatest interest to note that van Wijhe 
(1924) has actually found a small fenestra ovalis in Hep tan- 
ehus, situated where one would expect it, viz. ' in the under 
part of the fossa for the hyomandibula 

G. The planum supraseptale, ala orbitalis, and 
interorbital septum. 

Much of the peculiarity of the skull of the lizard is due to the 
fact that the floor of the cranial cavity in the orbital region is 
lifted high above the level of the trabecula communis, a tall 
vertical interorbital septum being intercalated in between. It 
is clear that this modification is directly related to the large size 
of the eyes in these animals. 

As regards the interorbital septum itself, the conditions in 
Sphenodon as reported by Schauinsland lr$ 

Howes and Swinnerton (1901) lead to the conclusion that ut 
is really a distinct element, separate from the trabecula com¬ 
munis. Fuchs (1915) approaches the matter from a different 
point of view in his study of Ch el one, for he denies that the 
trabecula communis extends as far forward as this. The condi¬ 
tions inLacerta here described lend support to the view that 
the interorbital septum is an independent structure, which 
rapidly acquires connexion with the trabecula. At all events the 
matter seems to be of little importance. The membranous skull 
(dura mater) is stretched up from the trabecula (as the fore¬ 
brain is lifted dorsally) and gives rise to a vertical wall between 
the orbits, in which chondrification sets in. 

The formation of the interorbital septum results in important 
modifications of the orbital cartilage. This structure no longer 
springs up from two pairs of roots direct from the trabecula. 
The posterior pair (the pila metoptica) is present, but the 
anterior pair has been lost. Further, the orbital cartilages in 
their anterior portion have been pressed together between the 
orbits so that their medial borders meet in the middle line, 
forming the planum supraseptale. This explains why the 
sphenethmoid commissures leave the planum supraseptale near 
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the middle line, and diverge as they run forward. It may be 
noted that an interorbital septum is present in certain mammals 
(Primates, Rodents), and in these the orbital cartilage (ala 
orbitalis) springing from the dorsal edge of the septum approxi¬ 
mates to the form of a planum supraseptale. 

The posterior portion of the orbital cartilage is in a reduced 
condition, being represented only by the taenia medialis, taenia 
marginalis, pila accessoria, pila metoptica, and pila antotica, 
which form a very slender framework. This region of the skull 
presents features of interest for comparison with other reptiles, 
from which interesting conclusions as to the affinities of the 
lacertilians may be drawn. 

D. The phylogenetic position of the Lacertilia 
in the light of the chondrocranium. 

The affinities of the Lacertilia have been a matter of 
controversy for some time. Long ago Huxley (1871) considered 
that the Lacertilia had lost the lower temporal bar which is 
still preserved in Sphenodon. Whether they are regarded, as 
Huxley would have and.as Broom (1924) does, as members of 
the Diapsida in which the lower temporal fossa has been lost, 
or, with Williston (1925), as Parapsida which have never 
possessed a lower temporal fossa, the fact remains that, these 
distinctions are based primarily on the configurations of the 
temporal arches formed by the dermal bones in the osteocranium. 
It becomes of interest to inquire whether any independent 
indications of affinity are given by the chondrocrania of 
Lacertilia and other reptiles. An attempt at a comparison 
of this kind is now possible, since investigations have been made 
by modern methods into the structure of the chondrocranium of 
all the principal groups of surviving reptiles. 

It must be said at once that the snakes must be,excluded 
from any such comparison, for their skulls are so peculiar and 
specialized as to supply little material for profitable comparison- 
As Brook (1929) has pointed out, the evidence in favour of the' 
lacertilian origin of the 0 p h i d i a is debatable. There remains, 
then, Sphenodon, the Crocodilia, and the Chelonia, 
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•with -which the L a c er t i 1 ia may be oompared. In all of these 
there is the same general form of a tropitrabio skull with ft 
trabecula communis, an interorbital septum, and a plasma 
supraseptale, and in all the posterior portion of the orbital 
cartilage is more or less reduced. This reduction of the orbital 
cartilage follows definite lines, and it is interesting to note that 
the condition in the Lacertilia (Laeerta, Gaupp, 1900; 
Eumeces, Eice, 1920) is identical in plan with that found 
in Orocodilia (Shiino, 1914) and in Sphenodon (Sohauins- 
land, 1900; Howes and Swinnerton, 1901). In each case it is 
easy to identify the four fenestrae: optica, metoptioa, epioptioa, 
and prootica; separated from one another by the various 
taeniae and pilae already described. These cartilaginous struts 
ara more slender in the Lacertilia than in the others, 
indicating a greater degree of specialization. In the C h e 1 o n i a 
the conditions are more variable. In Dermoohelys (Nick, 
1912) the side wall of the skull in this region is fairly substantial, 
while in Chelone (Fuchs, 1915) it has reached approximately 
the same degree of reduction as in the orooodile. Emys 
(Kunkel, 1912), Chrysemys (Shaner, 1926),and Chelydra 
(Nick, 1912) show still greater reduction, but the same general 
plan of structure can be recognized. The fact that the laoertilians 
conform to this plan suggests that their affinities lie with these 
animals. 

This conclusion is strengthened by a consideration of two 
other regions of the skull. The oonoha of the naBal capsule, 
present in lacertilians, is also present in a precisely comparable 
condition in the crocodile (Shiino, 1914). (The oonoha is present 
in the snakes: Yipera, Peyer, 1912; Leptodeira, 
Brock, 1929.) The pterygoquadrate presents great similarities 
in Sphenodon, Crooodilus, and Ohelonia, consist¬ 
ing of an otic process connected to the base of an asoending 
process, from which a pterygoid process projects forward. In, 
the Lacertilia all these elements are present in precise^, 
comparable conditions, although the connexion between the 
bases of the ascending and otic processes is Render and transient. 

As far as the evidence from the chohdrocraniupa goes, it 
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shows that th« Lacertilia have several points of similari ty 
with Bphenodon and the crocodiles, that is to say, with 
Diapsida, and it supports Broom's views concerning the 
derivation of the Lacertilia from this group. 

IV. Summary. 

1. The embryology of the chondroeranium has been studied in 
ten stages of the development of Laoerta agilis. 

2. The splanchnocranium chondrifies before the neuro- 
cranium. 

S. The crista sellaris has a paired and belated origin. 

4. The constituents of the nasal capsule of Lacerta agree 
generally with those of mammals. 

5. It is pointed out that the foramen ovale is not a derivatyve 
of the fenestra basicapsularis. 

6. The otic process of Lacerta has a temporary cartila¬ 
ginous connexion with the processus ascendens. 

7. Points of similarity between the chondrocrania of Lacer¬ 
tilia and of other reptiles lead to the conclusion that the 
Lacertilia are derived from Diapsid reptiles. 
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